





THE PRECISION MEASUREMENT OF SINGLE ION DIFFUSION 
COEFFICIENTS* 


By R. Mis} and E. W. GoDRBOLEt 
[Manuscript received September 23, 1957] 


Summary 
The precision measurement of single ion diffusion coefficients in dilute electrolyte 
solutions would be of considerable value. A method is described which is capable of 
giving the required precision. It involves a modification of the open-ended capillary 
method by enclosure of the capillary of diffusing radioactive material in a scintillator 
so that its contents can be continually monitored during the course of diffusion. 


I. INTRODUCTION 


The precision measurement of single ion diffusion coefficients in very dilute 
electrolyte solutions (<0-1M) would provide data of considerable value. The 
limiting equation for trace ion diffusion as formulated by Onsager (1945) has 
not yet been tested experimentally for lack of such data. Furthermore, 
theoretical treatment of the considerable amount of data, that now exists for 
moderate to concentrated solutions, cannot be advanced until the limiting 


equations have been tested. The diffusion coefficients for these concentrated 
solutions have been measured with magnetically-stirred diaphragm cells which 
can be assumed to give accurate and precise results. However, the use of these 
cells in very dilute solutions is precluded by the probability of a surface diffusion 
over the large area of glass provided by the sinter, as reported by Stokes (1950) 
and Nielsen, Adamson, and Cobble (1952). 

The Anderson and Saddington (1949) open-ended capillary method with 
its low surface area to volume ratio should be adaptable to measurement in the 
dilute solution region. Its chief limitation to date has been the low precision 
associated with its use. This low precision may be ascribed chiefly to the 
difficulty in accurately analysing the capillary contents which usually have a 
volume of about 10 microlitres (ul). It cannot be overcome by increasing the 
volume of the capillaries as it is necessary to have a narrow bore (~0-5 mm) 
to prevent convection and there is also a limitation on the length insofar as the 
diffusion time varies as the square of this distance. In the usual capillary 
method the capillaries are removed after a certain time of diffusion and their 
contents separately removed either by fine glass pipettes or centrifuging. The 
small drop of liquid so obtained is then either evaporated to dryness or diluted to 
volume and counted. Although a number of capillaries may be used in a single 


* An outline of this method was given in a paper presented at the Electrochemistry Discussion 
of the Royal Australian Chemical Institute, Melbourne, August 1956. 

+ Department of Radiochemistry, Research School of Physical Sciences, National University, 
Canberra. 
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run, the standard deviation between the coefficients they yield is of the order of 
1 to 3 per cent. 

In the method described in the present paper, only one capillary is used, 
but the precision of the coefficient determinations is greatly improved by taking 
a large number of measurements in the course of a single run. The essential 
feature of the method is the enclosure of the capillary of diffusing material in a 
scintillator mounted under a photomultiplier tube. Solution at a controlled 
rate of flow, as described in a previous paper by Mills (1955), sweeps over the face 
of the crystal containing the open end of the capillary. 


II. DESCRIPTION OF APPARATUS 
The apparatus is shown in Figure 1. The outer tank is constructed of 
0-04 in. copper sheet and has dimensions of 5 by 7} by 9}in. It is flanged 
at the top to take a brass lid, which has a layer of rubber on its underside so 





Fig. 1.—Exploded view of diffusion apparatus. 


that when screwed to the bottom section a light-tight seal is formed. A threaded 
tubular section on the lid allows the photomultiplier tube to be introduced into 
the sealed tank immediately above the suspended scintillator assembly. A 
propeller shaft bearing and standard well are also incorporated in the cover. 














The 
beir 
Wit 
to ] 
pro. 
mer 
of « 
mai 
Thi 
salt 
to § 


jacl 
The 
dim 
less 
the 

are 

stre 
thre 
redi 
pre’ 
som 
shee 
rods 
the 

its 1 
the 

was 


it is 
of ¢ 
give 
a fi 
and 
acti 
pos: 
effer 
in t 
dow 
The 
stat 
com 











MBASUREMENT OF SINGLE ION DIFFUSION COEFFICIENTS 3 


The copper tank is completely lined with a 3 in. Perspex shell so that the systems 
being measured come into contact only with this material and stainless steel. 
Within this inner Perspex shell are divisions and gratings which are designed 
to provide a streamlined flow over the capillary (Mills 1955). A stainless steel 
propeller which is coupled to a variable speed motor rotates in the small compart- 
ment to induce the required flow. The flow rate as measured by the passage 
of oil droplets of the same density as the solution over the scintillator face is 
maintained in the range 1 to 3 mm/sec, as recommended in Mills’ (1955) paper. 
This figure is a tentative one, however, and more precise experiments involving 
salt diffusion and using conductiometric analyses are in progress in this laboratory, 
to specify the flow limits more exactly. The entire outer tank is immersed in 
a water thermostat at 25+0-01 °C. 

The detector consists of a Pamelon plastic scintillator enclosed by various 
jackets and containing the glass capillary at the centre of its longitudinal axis. 
These capillaries were cut from precision bore tubing and had O.D. and I.D. 
dimensions of 0-6 and 0-05 cm respectively. The capillary fits into a thin stain- 
less steel tube which in turn is fitted closely into a cylindrical hole bored through 
the scintillator. All these components are uniformly ~2cm in length, and 
are machined to be flush with the upper surface of the scintillator so that near 
streamlined flow of solution can be maintained. The scintillator is enclosed on 
three sides by a lead cup, 1 cm thick at the sides and 2 em thick at the base to 
reduce background. This lead shield is totally encased in thin stainless steel to 
prevent contamination of the dilute electrolyte solutions and also to provide 
some reflection of the light pulses. The complete assembly rests on the Perspex 
sheet dividing the tank compartments and is held in position by stainless steel 
rods. The liquid level is kept 7 mm above the scintillator face and the end of 
the photomultiplier tube is immersed below the liquid surface to within 4 mm of 
its face. This distance has to be very reproducible and is adjusted by rotating 
the tube in a threaded cylinder. The photo-tube was an EMI type 6097F and 
was connected with appropriate amplifiers to a scaling circuit. 


III. EXPERIMENTAL TECHNIQUE 

To determine diffusion coefficients by the open-ended capillary method, 
it is necessary to measure the activity in the capillary before the commencement 
of diffusion. The counting rate so obtained, ¢, is then compared with that 
given by the residual activity, ¢,,, after a certain time of diffusion. Therefore, 
a first requirement is to measure the initial activity as accurately as possible 
and in the same geometry and environment as the later measurements during the 
actual diffusion. The capillary is filled by fine glass pipettes as precisely as 
possible and a drop of polystyrene cement placed on the open end. This 
effectively seals the capillary, and there is no leakage of activity when it is placed 
in the scintillator well and the surface covered with solution. The lid is closed 
down and the propeller revolved to simulate the later experimental conditions. 
The activity is then counted over a sufficient period of time to ensure good 
statistics. The procedure is repeated four or five times and the average value 
computed from these measurements. 
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The capillary is then filled once more with the tracer solution, allowed to 
equilibrate to the temperature of the bath solution, and immersed to begin 
diffusion. At various times in the course of the diffusion run the amount of 
activity remaining in the capillary is counted. A standard source of the same 
radioisotope as that being measured is placed in the standard well and counted 
before and after such measurements so that periodic fluctuations in the counting 
efficiency of the apparatus can be corrected for. The net standard count needed 
for correction is obtained by subtraction of the measured capillary count at that 
time. Counting periods of from 2 to 5 min can be used, and the diffusion time 
taken to the middle of such periods with negligible error. 


IV. Discussion 
The accuracy and precision of the method and the various factors influencing 
them are now discussed. 


(a) Background 

Since radioactive species are diffusing from the capillary and being swept 
into the main body of the apparatus, background activity changes during the 
course of a run. The lead shielding around the crystal and the large dilution 
factor involved minimize the effect, but a small correction is nevertheless 
necessary. Runs were made to measure the increase in background with time. 
It was found that after a short initial rapid increase, the background count 
changed very little over the remainder of the diffusion period. Therefore, in an 
actual diffusion run the only background measurements necessary are a pre- 
diffusion count to correct c, and a post-diffusion one which will suffice to correct 
all ¢,y, values. In our apparatus the background increases from 0-5 to 1-5 per 
cent. of the total counting rate for a typical experiment. 


(b) Gradient of Radioactivity 

In the course of tracer-diffusion, a gradient of radioactivity is set up in the 
capillary and the relation of this gradient to the geometry of the detector must 
be considered. The counting rate when such a gradient exists has to be compared 
with that recorded immediately prior to diffusion when there is a uniform 
distribution of activity. 

The general differential equation for unidirectional diffusion along the 
axis is 


OclOAt=D d%c/Oa®, .... cc cece cceeees (1) 


and its solution for the open-ended capillary boundary conditions is of the form 
(Carslaw and Jaeger 1947) 
n= 0 4 —7?(2n +1)2Dt 7(2n+1)a@ 
e(a)=@ b> ==] n exp =. I sng  \@ T H 
o)=q & (—1P Getis | 42 . a” 


where / is the length of the capillary and ¢t the time. For a given length 1, since D 
xan be estimated to within a few per cent., c(@) can be calculated as a function 
of time. Plots of c(a) v. t show that, in general, the gradient of activity is not 
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symmetrical about the midpoint of the capillary, so that a gradient correction 
is necessary. 

In order to apply such a gradient corréction, it is necessary to know the 
radiation detection efficiency as a function of distance along the bore or x-axis 
of the capillary. In the treatment that follows such a function is formulated 
for points along the cylindrical axis of the scintillator, and in turn this is related 
to the position of the capillary. The determination of the form of the efficiency 
function has been approached from geometrical considerations and also experi- 
mentally. 

In the geometrical approach, we define a quantity 7(x) which represents the 
average path length, through scintillator material, available to radiation emitted 
at some point 2 along the cylindrical axis. The quantity 7(x) is expressed in 
terms of the scintillator dimensions by integrating over all solid angles, the 
path lengths from the point w to the various surfaces. Since 7(#) will be 
symmetrical about the midpoint of the x-axis, for mathematical simplicity, the 
origin of the cylindrical coordinates has been taken at this point. The final 
expression obtained upon performing this integration is 


2ab y 4° —2 7 a? +(b—a)? ‘i b+« a? +(b+a)? 


(9) — an-1l es 
He) — 4a tan eg"? q (b—a)? +4 - n (bax)? | 


where a is the radius and 2) the height of the cylindrical scintillator. 

The experimental measurement of the efficiency was considered necessary 
in case such factors as irregularities in the scintillator, length of light path, 
and reflection from the walls imposed appreciable asymmetry on the purely 
geometric efficiency. The method used involved moving a point source of 
sodium 22 to accurately known distances along the bore of the scintillator and 
recording the counting rate. The theoretical and experimental efficiency curves 
are shown in Figure 2, and it will be observed that the two curves are very similar. 
Equation (3) can therefore be used for cylindrical scintillators with negligible 
error. 

Equation (3) has now to be applied to the capillary fitted into the scintillator. 
In the apparatus described in this work, the length of the capillary is identical 
with the height of the cylinder so that 2b=/ and the a-axes of the two systems 
are coincidental. If the appropriate substitutions are made in equation (3), 
it is now possible to relate the counting rate, when a gradient of activity exists, 
to that which would be observed if the activity were uniformly distributed. 
Expressed mathematically, the following integral is first determined 

k ’ 7(a@) cos — 
/ 0 


x 

a Se 
where k comprises the terms not involving x in equation (2). The integrated 
count rate J, is then treated as if it were uniformly distributed over the capillary 
length and multiplied by the integral of * as under 
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These integrals were evaluated graphically and the correction factor J,/I,, 
to be applied to ¢,y, computed. This factor is normally of the order of 0-5 per 
cent. and affects the final calculated diffusion coefficient by only 0-3 per cent. 


Another approach to this problem would be to render the effect of the 
asymmetry of the gradient negligible, by increasing the height of the scintillator. 
This would involve cementing a section of the scintillator on the end of the 
photomultiplier as well as lengthening it below the closed end of the capillary. 
Liquid would then have to flow through a gap between the two scintillator 
faces. 
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Fig. 2.—Curve relating efficiency of detection of point 
source to position along vertical axis of scintillator. 


@ Theoretical points. © Experimental points. 


(ce) Detector Efficiency 

A thallium-activated sodium iodide crystal would undoubtedly be more 
sensitive to y-emitters than the plastic scintillator used in these initial experi- 
ments. However, the fact that the plastic scintillator can be easily machined 
and immersed directly in the solution without damage makes it more convenient 
at this stage of development. A pulse height spectrum using a single channel 
analyser was run on a sodium 22 source in the scintillator. The discriminator 
biar voltage on the scaling unit was then set at a suitable point of this spectrum 
to give maximum counting stability. Sodium 22 can be obtained practically 
carrier-free so that any loss of efficiency from this procedure can be compensated 
for by the addition of more tracer. If it were desired to adapt the method for 
8-particle counting, a similar plastic scintillator would be the most logical choice 
and in this case the capillary could be formed by drilling directly into the scin- 
tillator. A crystal of small radius would be sufficient and the photomultiplier 
would best be placed to look at the scintillator perpendicular to its longitudinal 
axis. 
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(d) Calculation of Results 

The precise measurement of the activity of the solution before diffusion ¢ 
is essential to the accuracy of the method. Replicate determinations of ¢ 
show that the r.m.s. deviation between such measurements is of the order of 
0-4 per cent. 

The measured values of ¢,,, are treated in the following manner. Corrections 
are first made on these data, for variations in counter efficiency, for background, 
and for the activity gradient effect as described in the previous sections. The 
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Fig. 3.—Plot of In c,/c,, —In x?/8 against time. 
© Experimental observations. 


diffusion coefficient is computed by use of an equation suitable for long diffusion 
times which is accurate to <0-1 per cent. for values of Dt/l?>0-4 (Wahl and 
Bonner 1951). 
The equation is 
re Dt/42—In (8/1* XOglCay,.). se cccccccccecs (6) 


A plot of In ¢,/¢,y,—In x*/8 v. t is shown in Figure 3. By a least squaring 
procedure, a straight line is then drawn through the experimental points to 
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intercept the vertical axis at log x?/8. The slope of this line is equal to 
m2D/9-212 xl? and so D can be readily calculated. The results of four experi- 
ments are shown in Table 1. 

It will be observed that the precision between the four runs is of the order 
of +0-18 per cent., compared to the +1 per cent. precision previously obtainable. 
It is now proposed to use the method for the precise determination of single ion 


TABLE 1 


SELF-DIFFUSION COEFFICIENTS OF Na+ in 0-1M NaCl at 25 °C 








Run Capillary | Number of Dya+ X 10-5 





Number | Number | Observations (em?/sec) 
1 1 13 1-278, 
2 l | 15 1-276, 
3 1 17 1-281, 
4 2 21 1-275 





Mean value 1-277,+0-0023 





diffusion coefficients in very dilute electrolytes. A further development of the 
method under consideration would be the continuous recording of the progress of 
diffusion by means of a ratemeter and recorder. It may be possible both to 
increase the precision and to obtain results with shorter diffusion times with this 
type of measurement. 
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DIRECT CURRENT POLAROGRAPHY OF THE FERROUS-FERRIC 
OXALATE SYSTEM IN THE PRESENCE OF ALTERNATING 
VOLTAGES 


By P. BECKMANN* and G. 8S. BUCHANANT 
[Manuscript received June 24, 1957] 


Summary 

The effect of the superposition of a small alternating voltage on the normal direct 
voltage applied to the dropping mercury electrode (D.M.E.) was investigated in the case 
of the ferrous-ferric oxalate system. The wave obtained was of the type found 
previously for ions which are reversibly reduced at the D.M.E. (e.g. Cdt++ ete.). That 
is, the rectification of the A.C. produced a D.C. wave (the Z wave) which crossed the 
normal D.C. wave (the Y wave) at the half-wave potential (EZ). When surface active 
materials were added (e.g. cyclohexanol) the reduction became “ irreversible” and at 
certain concentrations of the surface active substance a maximum appeared on the 
Y wave of a somewhat unusual nature. The effect of a superposed alternating voltage 
was studied in these cases and it was found that the adsorption of the cyclohexanol 
was influenced by the presence of the alternating voltage. 


I. INTRODUCTION 
In previous work (Buchanan and Werner 1954a, 19545), the rectifying effect 
of the D.M.E. towards alternating currents at various D.C. polarizing voltages 
was investigated in two main cases: 


(i) Reversibly discharged metal ions, for example, Cd++, Pb*++, ete. 
in supporting electrolytes such as KCl ete. 


(ii) Irreversibly discharged metal ions, for example, Sbt+++, Ni++. 


In both of these cases the reduced product is the metal which may or may not 
amalgamate with the mercury. In the present paper the rectifying effect is 
studied in the case where both the oxidized and reduced forms remain in solution. 
The influence of surface active materials on this system was also investigated. 
The ferrous-ferric oxalate system was chosen since it has been shown (Lingane 
1941) that in solutions more concentrated than 0-15M oxalate the ferrous oxalate 
is the trioxalato form as is the ferric complex. and this appeared to be a simpler 
system than one in which the number of ligand molecules differed in the oxidized 
and reduced form. 


* Department of Chemistry, N.S.W. University of Technology, Technical College, Wollongong, 
N.S.W. 


+ Department of Physical Chemistry, N.S.W. University of Technology, Broadway, Sydney- 
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II. KESULTS 
The type of wave obtained is shown in Figure 1. It can be seen that the 
wave (a) at 20 c/s is similar to those previously obtained for reversible systems 
such as Cdt++, and the theoretical wave calculated from 





ont ta —__dt 
i=p| 1+exp (nF/RT)(E —E, +e sin 27ft) 


0 


derived by Buchanan and Werner (1954), fits the experimental wave very closely 
(see Table 1). It will be noticed that as the frequency increases the separation 
between the Y and Z waves decreases until at 5000 c/s the effect can no longer be 
observed. The conclusion reached from a study of the waves in Figure 1 is that 
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Fig. 1—Y and Z waves for 1 x 10-8M Fe+++ in 0-5M potassium oxalate (air-free). pH 6-4; 

m 1-96 sec"; t¢ 3-37 sec at 0-0 V, D.C. A “ pool condenser ”’ saturated calomel electrode 

was used as a reference cell; 7’ 25°C; frequencies: (a) 20 c/s, (b) 500 c/s, (c) 1000 c/s, 
(d) 2000 c/s; alternating voltage was 100 mV r.m.s. and sinusoidal. 


the setting up of the electrochemical steady state at the interface is sufficiently 
fast that this steady state is determined by the system and the frequency and 
not also by interference of these with diffusion processes, at least over the range 
of frequencies studied. 

This conclusion has also been reached by Breyer and Hacobian (1954), and 
this is further supported by the very high exchange current value reported 
by Randles and Somerton (1952). It was stated by one of us (Buchanan 1954) in 
connection with previous cases examined that the diminution of the rectifying 
effect with frequency is due to the failure of the ions to follow the alternating 
field. However, Dr. Gutmann (see also Gutmann and Simmons 1954) has 
pointed out to us that this is probably not entirely true. The diminution of 
the effect with frequency is probably due in part to the fact that the capacitive 
reactance of the double layer diminishes with frequency and so the alternating 
voltage across the double layer falls off and the rectified current becomes smaller. 





It is 
prop 
since 
swee 


CALC 


The ¢ 


ae ae ae eS 


swe 
rise 


red 


BLA 


Th 
be 
on 
Fis 





D.C. POLAROGRAPHY OF FERROUS-FERRIC OXALATE 11 


It is not possible to offset this by increasing the alternating voltage by an amount 
proportional to the increase in frequency (and thus to the decrease in reactance) 
since as the voltage increases the electrode dropping becomes irregular and the 
sweep voltage extends into the region where mercury is discharged on the positive 


TABLE | 
CALCULATED AND EXPERIMENTAL VALUES OF DIRECT CURRENT IN THE PRESENCE OF AN ALTERNATING 
VOLTAGE OF 100 mv, 20 c/s 
The solution was 1-0 x 10-°M ferric oxalate in 0-5M potassium oxalate (air-free) : m, 1-96 mg sec~"; 
t, 3-37 sec; ty, 3-6 uA 





E—E, 


tealc. texp. E —H, ‘calc. 





texp. 

(V) (uA) (uA) (V) (uA) (uA) 

+0:200 | 0-01 0-1 —0-050 2-20 2-25 

+0-150 0-17 0-25 —0- 100 2-72 2-80 

+0-100 0-87 0-83 —0-150 3-42 3-25 

+0-050 | 1-40 1-40 —0-200 3-58 3-50 
+0-000 1-80 1-80 


sweep and the supporting electrolyte on the negative sweep; this also gives 
rise to irregular dropping. 

Surface active substances were added to determine whether or not the 
reduction processes were affected. cycloHexanol was the main substance used. 
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Fig. 2.—Effect of cyclohexanol concentration on ferric iron reduction in oxalate supporting 

electrolyte. Fe+++ 1-:0x10-°M in potassium oxalate 0-5M (air-free). Electrode 

characteristics as in Figure 1: frequency 30c/s; alternating voltage 100 mV r.m.s. ; 
cyclohexanol concentration: (a) 1-8x10-®M, (b) 1-0 10-2M, (c) 4-5 x 10-®M. 


The cyclohexanol causes the Y wave to become more “ irreversible ” as might 
be expected from previous work. The extent to which the wave is affected depends 
on the concentration of the cyclohexanol. Some typical waves are shown in 
Figure 2, in which it is seen that at low concentrations a maximum appears 
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whose height is lower than the final diffusion current. This kind of maximum 
was observed by Kolthoff and Barnum (1941) in the reduction of cysteine in the 
presence of camphor. This maximum can be explained in the following manner. 


As the direct voltage is increased negatively the ferric ion reduction com- 
mences and the D.C. increases ; as the voltage becomes still more negative the 
cyclohexanol is adsorbed to an extent sufficient to lower the rate of reduction 
of the ferric ion. This causes a diminution in the D.C. below that which occurs 
in the absence of cyclohexanol at these voltages. As the voltage is made even 
more negative the current rises again and reaches the value of the diffusion 
current identical to that obtained in the absence of cyclohexanol. That the 
cyclohexanol is adsorbed on the drop is indicated by the following. 


(a) The Presence of Tensammetric Peaks 
cycloHexanol gives a tensammetric peak at +0-210 V v. the 8.C.E. in 0-5M 
potassium oxalate, which is according to breyer and Hacobian (1952) the voltage 
at which the adsorption of cyclohexanol starts. There is a further peak at 
—0-950 V at which the cyclohexanol is desorbed. 


(b) The Influence of cycloHexanol on Drop Time-Potential Curves 

However, these curves do not show any appreciable flattening until —0-2 
to —0:3 V. Even ata concentration of 45 x 10-M the drop time is not obviously 
depressed until —0-1 V indicating that the cyclohexanol is not very strongly 
adsorbed until this voltage is reached, and as is well known maximum adsorption 
occurs at the electrocapillary zero (£,.). 

Figure 3 (a) shows Y waves for the above system with various concentrations 
of cyclohexanol. The direct voltage at which the maximum effect on the current 
occurs differs for different concentrations of cyclohexanol, shifting to less negative 
voltages as the concentration of cyclohexanol is increased, until at 45 x 10-°M 
the effect of the cyclohexanol on the reduction process is apparent at —0-2 V. 
If the reason for the effect of adsorbed materials on electron transfer at the 
interface is that it prevents the ions reaching the electrode surface, then the 
potential at which the effect is greatest should be the electrocapillary zero and 
should be independent of the concentration of the surface active ‘material. 
However, Figure 3 (a) shows that this is not so. If the current flowing is only 
decreased by an adsorbed film whose effective surface is a function of the distance 
between the direct voltage and the electrocapillary zero and its concentration then 
one would not expect an increase in current between —0-4 and —0-5 V (Grahame 
1952). Therefore, an increase in the velocity of reduction (i.e. a greater chance 
of effective collision of Fe(Ox), with the mercury) has to be considered to give 
this increase which is eventually limited by diffusion, and it is to be pointed out 
that whilst at —0-4 V v. 8.C.E. the diffusion current is normally reached, that is, 
all the Fe(Ox), in the reacting zone is reduced, that does not imply that every 
collision of a Fe(Ox): ion with the electrode is effective, only that reduction is 
much faster than diffusion and allows equilibrium to be attained. Thus at small 
concentration of cyclohexanol the effect of adsorption on the current starts at 
—0-35 V causing a diminution in the current, this diminution increases as the 
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E,, is approached, and decreases as values more negative than E,. are reached. 
However, at a cyclohexanol concentration of 45 x10-°M the effect of bulk 
concentration of the cyclohexanol causes extensive adsorption and its effect on 
the current is observable below —0-2 V. From —0-4 V onwards the speed of 
reduction is increased sufficiently for appreciable current to flow even before 
desorption beyond £,. occurs, until eventually the reduction is diffusion controlled. 

Thus presumably at low concentrations of cyclohexanol the effect of the 
direct voltage on the adsorption is greater than the effect of the bulk concentration 
of the surface active material, whereas at higher concentrations the latter effect 
is the more important of the two. 
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Fig. 3.—Y waves for 1-0x10-°M Fe+++ in 0-5M potassium oxalate for different con- 


centrations of cyclohexanol (air-free). 

Left: Electrode characteristics as in Figure 1; cyclohexanol concentrations: 
(a) 0-5x10-*M, (6) 0-8x10-*M, (c) 1-0x10-?M, (d) 1-5x10-2M, (e) 2-0x10-2M, 
(f) 3-0 x 10-®M, (g) 4-5 x10-?M. The wave (a) is practically identical with that obtained 
in the absence of cyclohexanol and may be used as a reference with which to compare the 
other waves. 


Right: As for left, but with a superposed alternating voltage of 100mV r.m.s. and 
frequency 30c/s; cyclohexanol concentrations: (a) 0-5x10-*M, (6) 0-8x10-8M, 
(c) 1-0x10-®M, (d) 2-0 10-®M, (e) 4-5 10-2M. 


The results of the superposition of an alternating voltage gives some further 
information on this point. The A.C. affects not only the reduction process 
but also the extent of adsorption. Therefore, it is not possible to calculate the 
Z wave by deriving an empirical equation of the Y wave and treating it according 
to a method similar to that used for reversible systems. For example, in 
Figure 3 (b) the current for the Z wave (d) at —0-3 V is 1-25 uA, whereas the 
calculated value is 2-00 wA, indicating that she A.C. has increased the adsorption 
of the cyclohexanol. In all concentrations of cyclohexanol studied the Z waves 
deviated earlier from the Z wave with no cyclohexanol (compared at the same 
frequency) than did the Y waves with and without the same concentration of 
cyclohexanol (compare Fig. 3 (b) with 3 (a)). This is probably due to the 
fact that on the negative half cycle of the A.C. the cyclohexanol is adsorbed 
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to an increased extent (particularly if the direct voltage is less negative than the 
E,,) and this interferes with the reduction of the Fe(Ox)3;. This interference 
for a fixed concentration of cyclohexanol increases with frequency, at least up 
to about 1000 c/s, and this may be caused by comparative slowness of desorption 
on the positive half cycle. That is, the desorption processes may not follow the 
field at high frequencies. 

The variation of the frequency of the alternating field provides additional 
evidence of adsorption at the interface. 

Figure 4 shows the effect of frequency for a cyclohexanol concentration of 
1x10-°M. The beginning of the Z wave for the lower frequencies looks somewhat 
like the case where no cyclohexanol is present, except that the crossover potential 
is lower than the Z;. As the frequency increases, the separation between the 
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Fig. 4.—Y and Z waves for 1-0 x 10-8M Fet++ in 0-5M potassium oxalate (air-free). 

Electrode characteristic as for Figure 1; frequencies (a) 30c/s, (6) 1000 c/s, 

(c) 5000 c/s; alternating voltage 100mV r.m.s. and cyclohexanol concentration 
1-0 x 10-°M. 


Y and Z waves below the crossover potential decreases until at 5000 c/s the Y 
and Z waves coincide. This is the same behaviour exhibited by this system in 
the absence of cyclohexanol, and indicates that there is little adsorption at the 
direct voltages corresponding to the first part of the wave. That is, the decrease 
in the separation between the Y and Z waves is due in part to the decrease in the 
reactance of the double-layer capacity with frequency as discussed above. 
However, above the #,,, not only is the shape of the Z wave different from that 
obtained in the absence of cyclohexanol but the separation between the Y and Z 
waves persists to much higher frecuencies and can still be detected at 30,000 ¢/s. 
This would suggest that the capacity of the double layer is much reduced in the 
presence of cyclohexanol. Presumably the distance between the ions in the 
solution and the charges on the electrode is increased because of the adsorbed 
film between them and thus the capacity of the double layer is lowered and its 
reactance increased. This in turn means that it is necessary to go to higher 
frequencies before the voltage across the double layer falls off to such an extent 
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that the rectifying effect becomes undetectable. The effects of cyclohexanol 
described above are not peculiar to this substance, benzyl alcohol at a con- 
centration of 5 x 10-?M, for example, produces the same maximum in the Y curves 
and shows the same behaviour under the influence of an alternating field. 
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THE CARBON-STEAM REACTION AT HIGH PRESSURE 
By J. D. BLAcKwoop* and F. McGrory* 
[Manuscript received August 16, 1957] 


Summary 
A study has been made of the reactions of purified carbon with steam at pressures 
up to 50 atm and in the temperature range 750-830 °C. The effect of hydrogen has been 
examined by adding hydrogen in varying proportions to the steam supplied to the 
reactor bed. 


At high steam and hydrogen pressures and low temperatures a considerable pro- 
portion of the carbon is gasified as methane. A mechanism has been proposed whereby 
methane is formed by the direct attack of steam on a carbon atom already having at 
least two hydrogen atoms attached. The formation of methane is accompanied by the 
production of adsorbed oxygen which is liberated as carbon monoxide 

(CH,)+H,O—-CH,+ (0). 
Taking this reaction in conjunction with that producing carbon monoxide from sites 


having no attached hydrogen, the following rate equation has been derived : 


9 
kpy,o+kspu,Pu,o+'sPy 6 
rate = WW Shay by em =. 
1+k,py,+ksPH,0 
The terms in Pi 0 and py,pPy,o are small at low steam and hydrogen partial pressures 
4 Hy 
and can be neglected. 


It is suggested that the active sites for oxidation are positions on the edge of the 
carbon lattice where oxygen is already present. Production of carbon monoxide is 
accompanied by the formation of another oxygen group for each one destroyed. 


I. INTRODUCTION 

When steam reacts with carbon, the gaseous products are carbon monoxide 

and hydrogen and to a lesser extent carbon dioxide and methane. It is now 
generally accepted that the primary reaction is 


Oils 66 os 605 04 seeene ede (1) 


The carbon dioxide produced is attributed to the secondary water gas shift 
reaction 


ie es (2) 


This reaction, in the absence of catalysts such as inorganic material in the carbon, 
is very slow and produces only small amounts of carbon dioxide in the gas. 

The amount of methane formed at atmospheric pressure is small and has 
been thought to be due to a side reaction between carbon and hydrogen. Its 
presence has been ignored in the kinetic treatment of the primary carbon-steam 
reaction. At high pressures the amount of methane is considerable and cannot 
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be igrored. It will be shown later that it is formed as a consequence of the 
direct attack of steam on certain carbon atoms and that in circumstances favour- 
able to methane formation this influences the rate of oxidation of carbon. 

Many studies have been made of the carbon-steam reaction with a view to 
explaining the mechanism and finding a suitable rate expression. The work of 
Gadsby, Hinshelwood, and Sykes (1946) and Long and Sykes (1948) gives the 
clearest idea of the mechanism of this reaction at atmospheric pressure. Experi- 
ments using the static method showed that the most probable steps could be 
represented by the following equations, in which the brackets indicate the 
adsorbed state 


H,O =(H)(OH)->(O)(H,),  ....-0.eeeeees (3) 
(EEL SSS FECA GET 5A (4) 
CS Xs: cu ceiretilaciic buawiiend (5) 


The reaction was also studied in a flow system at a total pressure of 1 atm with 
steam partial pressures of 250 to 600 mm Hg and temperatures of 680-800 °C. 
Their results were represented by the equation 


k,pPu.o 
1 +kapu, +ksPu,0° 


where k,, k,, and k, are constants and py,o and pa, represent the partial pressures 
of the components. 





rate = 


Some studies have been made of the reaction at pressures above atmospheric 
but they have not been conclusive and the results conflict both with the above 
rate equation and with each other. ‘The experiments of Key (1948) showed 
that very little increase in reaction rate was obtained by increasing the total 
pressure to 50atm. A rate expression similar in form to equation (6) was 
derived from qualitative evidence. However, this expression was not supported 
by the experimental results, although the retarding effect of hydrogen was 
recognized. Lewis, Gilliland, and Hipkin (1953), in experiments at low temper- 
atures, showed that when allowance was made for the water gas shift reaction, 
the reaction rate was increased by increasing steam pressure and decreased by 
increasing hydrogen pressure. Goring et al. (1951) examined the carbon-steam 
system at pressures up to 30 atm using a fluidized bed reactor. The results 
show the same effects as observed by Lewis, Gilliland, and Hipkin (1953). The 
carbons used in these high pressure studies were not free from ash and volatile 
matter and steam decompositions were generally high, thus the results were 
difficult to interpret quantitatively. The following work was planned to elucidate 
further the kinetics of the carbon steam system at pressures between 1 and 

50 atm using a purified carbon in a differential reactor. 


II. EXPERIMENTAL 

(a) Raw Materials 
Coconut carbon was used because of its suitable physical characteristics. 
The raw charcoal contained approximately 3 per cent. ash and this was reduced 
by extraction with hydrochloric and hydrofluoric acids. The extraction was 
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followed by washing with boiling distilled water. The fully extracted charcoal 
was then heated to 950 °C in 2 hr, maintained at 950 °C for 1 hr, and cooled to 
atmospheric temperature in 2 hr, a stream of oxygen-free nitrogen being passed 
through the furnace during the whole of the treatment. The resulting charcoal 
was of low ash and negligible iron content. Sufficient charcoal was prepared to 
complete the series of experimental runs. The constituents (per cent.) and 
properties of the charcoal are shown as follows : 


Carbon 97 +56 Ash 0-13 Surface area (sq. m/g)* 46-5 
Hydrogen 0-44 Iron 0-001 Density (g/c.c.) 2-23 
Oxygen 1-67 Halides 0-001 Bulk density (g/c.c.) 0-50 
Nitrogen 0-19 Size (B.S. sieve) —7+14 


Steam was obtained by evaporation of freshly distilled water, nitrogen 
from cylinders of nitrogen containing less than 1 p.p.m. of oxygen, and hydrogen 
from cylinders of dry hydrogen. 


(b) Apparatus 
A flow method was used, the reactant gases flowing up through a heated 
carbon bed at a predetermined velocity. Figure 1 is a flow diagram of the 
apparatus. Water stored under nitrogen pressure in a zinc-lined mild steel 
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Fig. 1.—Flow diagram of the apparatus. 1, Steel vessel; 2, metering vessel; 3, thimble 

filter; 4, capillary tube; 5, 6, valves; 7, 8, flow meters; 9, evaporator; 10, super- 

heater; 11, reactor; 12, pressure jacket ; 13, condenser; 14, indicator; 15, 16, gauges ; 
17, 18, receivers; 19, valve; 20, manifold; 21, wet test meter. 


vessel 1 is supplied intermittently to the metering vessel 2, from which the 
water passes through an alundum thimble filter 3, and a stainless steel capillary 
tube 4 located in a thermostated water-bath. The water flow rate is controlled 
by adjusting the pressure differential across the capillary. To obtain the desired 
order of accuracy, this pressure differential is kept within the range of 10 to 
20 atm by varying the length and/or diameter of the capillary between runs. 


* Determined by air permeability. 
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The water, together with nitrogen and/or hydrogen, introduced through valves 
5 and 6 and flow meters 7 and 8, passes to the evaporator 9. This consists of 
a monel metal tube wound spirally betweer concentric electric heating elements. 
The current in the elements can be adjusted so that the steam and gases leave 
the evaporator at about 500°C. The steam and gases pass to the superheater 
10, an electrically heated Nimonic tube filled with crushed fused silica and run 
at a temperature a little above the reaction temperature, then through a platinum 
tube to the reactor 11. This is a clear silica tube 750mm long and 18 mm 
internal diameter with a wall thickness of 1-5 to 2-0 mm and is sealed into a 
pressure jacket 12, by means of silicone rubber glands at each end. The bottom 
400 mm of the reaction tube is filled with fused silica chips on which the 100 mm 
bed is placed. A 6mm diameter thermowell is situated coaxially with the 
reactor tube and extends to the bottom of the bed. The reactor tube is 
surrounded by a Mullite tube on which is wound the heating elements. The 
windings are divided into two parts, one extending from the bottom to within 
75mm of the bottom of the bed, the other from this point to the top of the 
reactor. The upper winding is tapped so that the current distribution can be 
adjusted to give uniform temperature over the bed. The temperature of the 
bed as a whole is controlled by means of a photocell relay unit operating from a 
voltage stabilized supply, actuated by one of the thermocouples located in the 
bed. The current in the lower winding can be varied independently: this 
feature is necessary to bring the gases up to bed temperature at high steam rates. 

Three Pt/Pt-13% Rh thermocouples are located along the length of the 
bed, one at the bottom, one 30 mm above this, and one at the top. These are 
used for both control and measurement. All measurements are made on a 
Tinsley potentiometer and all junctions and auxiliary potentiometers are kept 
in a thermostated box. 

The product gases, undecomposed steam, and diluent gases leave the top 
of the reactor through a silver insert in the stainless steel head and are taken by 
stainless steel tubes to the condenser 13. 

A pressurizing jacket 12 surrounds the reactor tube and an indicator 14 
enables the pressure differential between the reactor and jacket to be maintained 
within -+-2 lbin~? at any working pressure. The reactor and jacket pressure 
are read from the gauges 15 and 16 respectively. Condensed steam is collected 
in a small Perspex receiver 17, which can be emptied as required into the large 
receiver 18. The purpose of the small receiver is to eliminate large static gas 
traps and to enable the condensate rate to be measured. The gas then passes 
to the motorized pressure control needle valve 19, and is expanded to atmospheric 
pressure and passed through a recording wet test meter 21 and then to waste. 
Gas samples can be collected over mercury, as required, at manifold 20. In 
general, pressure seals, where the temperature does not exceed 100 °C, are made 
by using hard red fibre in compression fittings. Joints working at high temper- 
ature are made with copper seals located in such a manner that they will not be 
in direct contact with the gas stream. All pressure gauges are calibrated 
periodically with a Budenberg dead-weight press and the thermocouples by 
comparison with a substandard Pt/Pt-13% Rh couple. 
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IIT. PROCEDURE 

Before making an experimental ruu, the apparatus is tested for leaks by 
pressurizing and observing if any drop in pressure occurs. It is unusual for 
leaks to develop during a run unless failure of some component has occurred. 
The water rate is then measured directly by weighing the amount delivered 
from the capillary for a given pressure differential and checking this with the 
volume indicated from readings of the water vessel sight-glass. The temperature 
distribution over the bed ir checked and adjusted if necessary. Flow meters 
are then calibrated at the working pressure with the gas to be used by means of 
the outlet wet test meter. A weighed sample of dried carbon is placed in the 
reactor and covered with 50 mm of fine fused silica chips to prevent fluidization 
and to prevent condensate falling on the bed. The temperature is brought to 
the required value, the controller adjusted, and the apparatus brought up to 
pressure with nitrogen. The required inlet rate for nitrogen and/or hydrogen 
is then set and the outlet valve adjusted so that the pressure in the reactor 
remains constant. The water is then introduced into the evaporator. Further 
adjustment of the outlet valve is necessary as the reaction starts so that the 
total pressure will remain constant. 


Gas Analysis : Since the accuracy of the results rests to a great extent on 
the accuracy of the gas analysis, a modified, mechanized Bone and Wheeler 
type gas analysis apparatus was used throughout and, except where only small 
amounts of gas were formed, the accuracy was --1 per cent. or better. 


IV. SELECTION OF EXPERIMENTAL CONDITIONS 

In order to study the effect of pressure on the carbon-steam reaction, it 
was necessary to choose the conditions of reaction so that the effects were easily 
measurable. Some preliminary runs were made to determine the most suitable 
conditions for the bulk of the experimental work. 

The rate of steam-carbon reaction in this study is defined as the rate of 
gasification of carbon as carbon monoxide. It should be noted that this does 
not represent the total rate of gasification of carbon since it does not include the 
carbon which appears in the gas as methane. The rate of methane formation is 
treated separately. 

In accordance with the large bulk of experimental evidence accumulated 
by other workers, it is assumed that carbon dioxide is not a primary product 
of the steam-carbon reaction but appears ag the result of conversion of primary 
carbon monoxide by either the water gas shift reaction, 


OO Sg, kk ec ceescses (7) 
or the inversion reaction 

2CO =CO,+C. 
If the carbon dioxide found in the product gas is to be included as primary 
sarbon monoxide, it is necessary to know which of these reactions is predominant. 

It is impossible to decide this from the stoichiometry of the system. 
To reduce the errors involved in this calculation, it was desirable that the 
amount of carbon dioxide formed should be as small as possible. The amount of 
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ash in the carbon was found to have a major effect on the amount of carbon 
dioxide formed. In one series of experiments when carbon containing 0-26 per 
cent. ash was reacted with steam at atmospheric pressure and 830 °C, the dry 
product gases contained 20 per cent. carbon dioxide. When the carbon had 
been finally purified to 0-13 per cent. ash, mainly silica, the carbon dioxide 
content of the gases fell to 0-8 per cent., the rate of carbon gasification being 
unaffected. 

In the bulk of the experimental work with the purified carbon the rate of 
carbon dioxide formation was found to be proportional to the steam partial 





GASIFICATION RATE X 10% (G=moLt C GASIFIED c~' C min~") 
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Fig. 2.—Relationship between space velocity and rate 

at atmospheric pressure. The curves are plotted from 

rates calculated from the rate equation for the temper- 
atures shown. The points are experimental values. 


pressure to a power greater than one, and approximately inversely proportional 
te the hydrogen partial pressure. This evidence suggests that the water-gas-shift 
reaction is predominantly responsible for the carbon dioxide. Therefore, the 
rate of reaction was calculated as the sum of the rates of appearance of carbon 
monoxide and carbon dioxide in the product gases. 

(i) Space Velocity.—A space velocity of two bed volumes per second at the 
operating conditions, calculated on the volume of the empty bed, was chosen for 
the bulk of the runs. Higher space velocities would require prohibitive amounts 
of water to be evaporated at high pressure. Runs in which the space velocity 
was varied at 830 °C showed that diffusion was not the controlling factor. When 
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values of the constants had been determined from later experimental results, 
it was found that as the space velocity was increased, the rates, calculated from 
the rate equation, deviated from the experimental results, being appreciably 
lower at the higher space velocities. It has been suggested (Jolly and Poll 1953) 
that temperature differences in the bed may be responsible for this lack of 
agreement and some experiments were made to see if this was the case. Using 
two bare thermocouples in the centre of the annular bed, one at the heated wall 
of the reaction tube and the three couples in the central sheath, temperatures 
were obtained with nitrogen flowing through the bed at space velocities up to 4 
and the temperature controller set at 830°C. No significant variations in 
temperature were observed. When steam was passed through the bed, the 
temperature at the centre of the annulus rose above that of the wall and the 
central sheath by approximately 5-7 °C at space velocity 2 and by about 30-35 °C 
at space velocity 15. The temperature rise in the annulus is caused by the 
preheating of the inlet gases to a temperature above that of the bed. With 
high space velocities these gases have been unable to reach bed temperature 
by conduction of heat to the walls of the reactor. The results are shown in 
Figure 2 and it is clear that the higher rate shown at high space velocity can 
be explained by an increase in reaction temperature. This increase is of similar 
magnitude to that shown by the thermocouples in the annular bed and corresponds 
to a temperature of 860 °C, that is, 30 °C above the temperature indicated by the 
thermocouple in the sheath in the centre of the bed. 

At space velocity 2, variations in bed temperature were small and essentially 
the same in all experiments. The effects of such variations in temperature 
are negligible compared to the effects of change of partial pressure of the reactants 
or change in overall temperature. 


(ii) Bed Height.—A bed height of 100 mm was used for all runs in the high 
pressure apparatus. This was dictated by the necessity for temperature 
uniformity over the length of the bed and design considerations. Some pre- 
liminary runs at 830 °C in a longer furnace showed that the rate of gasification 
increased rapidly over the first 12 mm of bed and then increased linearly between 
12 and 150mm. This is shown in Figure 3. The volume of the 100 mm bed 
was 17-6 c.c. and was filled by 8-8 g carbon as introduced into the reactor. 


(iii) Mole Fraction of Reactants.—Experiments showed that at a temperature 
of 830 °C, a steam mole fraction of 0-90 at the inlet gave satisfactory gas for 
analysis, even when the remaining 0-10 fraction was all hydrogen. At lower 
temperatures the reaction rate had decreased to such an extent that, for satis- 
factory gas analysis, the proportion of steam in the inlet had to be increased 
to 0-95. 

At each chosen pressure the inlet steam partial pressure was fixed either at 
0-90 or 0-95, according to the temperature, and the hydrogen partial pressure 
varied by varying the ratio of hydrogen to nitrogen, keeping the total inlet flow 
constant. 

(iv) Degree of Gasification—lIn general, fraction of carbon gasified was 
limited to 10 per cent. and was considerably less than this for the lower pressures. 
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It was found that the gasification rate at 830 °C showed no significant change until 
about 20 per cent. of the carbon had been gasified and had only decreased by 
about 5 per cent. at 50 per cent. gasification, this effect being independent of 
pressure. It was also observed that the volume of the bed remained constant 
until approximately 30 per cent. of the carbon had been gasified and that the 
specific surface area of the carbon had increased by approximately 30 per cent. 
for 60 per cent. gasification. 

(v) Temperature.-—The bulk of the exploratory experiments was done at 
830 °C since at this temperature the reaction rate is conveniently large. In 
the main part of the work temperature levels of 830, 790, and 750 °C were used. 
The upper limit was fixed by the life of the silicone rubber glands and the lower 
temperature of 750 °C by considerations of gas analysis. 
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Fig. 3.—Variation of rate with change in bed height at 
830 °C and atmospheric pressure. 


(vi) Total Pressure.—This has been varied between 1 and 50 atm absolute. 

(vii) Steam Decomposition.—With the conditions outlined above it was 
possible to keep the steam decomposition below 6 per cent. The percentage of 
steam decomposed ranged from 5 per cent. at atmospheric pressure to 1 per cent. 
at 50 atm. 

V. RESULTS 

With the conditions specified in Section IV the effects of steam and hydrogen 
partial pressure on the carbon-steam reaction were studied. The product gases 
consisted essentially of an equimolar mixture of carbon monoxide and hydrogen, 
together with carbon dioxide and methane, the proportion of methane increasing 
at high steam and hydrogen partial pressures. 
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When the partial pressure of hydrogen is increased, the steam pressure se 
being kept constant, the rate of gasification is reduced. For a given steam lin 
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Fig. 4.—Variation of gasification rate with change in hydrogen partial pressure at 
steam pressures and temperatures shown. The curves are plotted from the figures 
obtained from rate equation (39), the points are experimental values. 


pressure the rate of gasification is approximately inversely proportional to the 
hydrogen partial pressure. The results are shown in Figure 4 for runs at three 
different temperatures. 
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at constant hydrogen partial pressure. This is shown in Figure 5. It can be ef 
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seen that at 830°C and low hydrogen partial pressure, the rate is practically 
linearly related to the steam partial pressure. At higher hydrogen partial 
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Fig. 6.—Variation of rate with steam partial pressure at 830 °C 
with no hydrogen in the inlet gases. 


pressures and lower temperatures, however, the reaction shows an order greater 
than one with respect to steam. 


If the reaction rate, obtained with no added hydrogen, is plotted against the 
inlet steam pressure, a curve similar to that shown in Figure 6 is obtained. The 
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Fig. 7.—Effect of steam pressure on methane formation rate at 
temperatures of 750, 790, and 830°C with no added hydrogen in 
the inlet gases. 


a apparent trend towards zero order can be shown to be due entirely to the retarding 
a effect of hydrogen produced by the reaction. 
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The rate of methane production is directly proportional to the steam partial 
pressure, as shown in Figure 7. There is no correlation between the methane 
formation rate and the hydrogen partial pressure within the range of hydrogen 
partial pressures used in these experiments. This is shown in Figure 8. At high 
hydrogen partial pressures the rate of the steam-carbon reaction is so depressed 
that as much as one-third of the carbon gasified appears as methane. 
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VI. DISCUSSION OF RESULTS 
Since only a small proportion of the steam is decomposed in its passage 
through the carbon bed, the conditions approximate to those of a differential 
reactor. This is particularly so at high hydrogen partial pressures where the 
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Fig. 9.—Effect of hydrogen partial pressure on pyo/r at various steam partial 
pressures and at temperatures 750, 790, and 830 °C. 


rate of reaction is so slow that the changes of partial pressures of the reactants 
between inlet and outlet are less than 1 per cent. 

Using a method similar to that of Long and Sykes (1948), values of pu,o/r 
have been plotted against the mean hydrogen partial pressure for fixed steam 
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pressures. The rate ris defined as g-moles of carbon gasified per gram carbon 
per minute calculated from the amounts of oxides of carbon appearing in the 
outlet gas. These values are plotted in Figure 9. If equation (6) is to represent 
the results, then a series of parallel straight lines of increasing intercept should 
result. This is not the case. The lines deviate, the deviation being more 
marked at high steam pressures and lower temperatures. This deviation is 
caused by the hydrogen becoming less effective as a retardant and by an increased 
reactivity to steam. This effect could be explained by assuming that the hydrogen 
is removed from some of the active sites leaving them available for reaction with 
oxygen. 

Methane formation is a means by which hydrogen could be removed from 
the surface. If a —CH, surface complex is assumed to be formed, this can 
react with either steam or hydrogen to form methane. The overall mechanism 
could then be represented by the steps, 


‘’ 


H,O=(H)(OH)->(0)(H,),...--. esses eee (9) 
i, 
1: A: een (10) 
je 
ORS 5o5 in as srexedccentsaiccteces (11) 
Js 
together with either 
— NET, 4-H PO, 2c cccsccccccccccccsccess (12) 
, 
or 
—CH,+H,O—CH,+(O).  .....ee sees eeeeees (13) 
Ja 


If 6,, 9,, and 6, are the fractions of the active sites covered by (OH)(H), 
(H,), and (O) respectively, then, in the steady state, considering equation (12) 
with equations (9), (10), and (11), 


i, Pu.o(1 —80, —0, —0,) =4,0,+j,0,, ........-... (14) 
iopu,(1 —6,—4, -§3) 4 1,0, j.0,4 jipu,9e, cee eeesses (15) 
SE iat akatcaek Wa dead ba 8 (16) 


The rate of production of carbon monoxide is given by 7,3. 


Elimination of 6,, 9,, and 0, leads to the rate expression 


r= kipu o+k,Pu.Pu,o 
1 +kopu,+ksPu,0 


This mechanism, as seen from equation (17), predicts that the rate versus 
Pu,o plot at constant py,, should curve downward and that the rate of methane 
formation would be dependent on the hydrogen partial pressure. In fact, 
Figure 5 shows an upward curve in the rate versus py,o plot and the rate of 
methane formation is independent of py,. 
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Considering equation (13) with equations (9), (10), and (11), 


i,pu,o(1 —0, —0, —0,)=4:0,+7,0,, ........20-. (18) 
iopu,(1 —8, —0, —0,) +7:0,=j,0.+j,9H,092, ....---- (19) 
1,6, +j,PH,09. =4,0,. ee ee ee (2 0) 


This leads to the rate expression, 


~— ki pu,0 +k,pu,Pu,o +ksPi,o ae 
1+k.pu,+kspu,0 +kePu,Pu,0 +k Pit.0 





Equation (21) is of suitable form and with a suitable choice of constants will 
show upward curvature of the rate versus py,o plots. In terms of the rate 
constants for the individual steps, these constants are given by 











Lis. * idxbiaietlin wh Gtsenamdanhena (22) 
y +h 
a 

a= 3, EO ET ee (23) 

oe Pe ree (24) 
Je js(ji th) Je(91 +h) 

SEY RE RE neh Ren Rr (25) 
Je 

Leelee na saunanans (26) 
a+), Je 
isha 

SPC eS EET ROCCE PT ETT EE CEE 27 

oii, (27) 

ek (28) 
Joda(ti +31) 

Rearrangement of equation (21) leads to 
pu.o_1+k,pu,+kspu,o+kePu,Px.0 +kypit,0 -.es (29) 


r k, +k,pu,+ksPu,o 

Equation (29) can be expanded in terms of py, and pu,o. Since plots of py,o/r 
against py, at constant py,o and py,o/r against py,o at constant py, are linear, 
terms in py,o and py, and higher can be neglected. This results in the equation 
Pu,o_1 Kok, —k, ~ kk, —k, seine Kesha + higlkg —Iehty —(2kegles/Iy) , 


r i fo 8 ; ki 





H,PH,0O- 


Pere (30) 
The plots of the experimentally determined values of py,o/r against py, at 
constant py,o shown in Figure 9 have intercepts and slopes given by 
intercept=+ 4 kak — 
ky ki 








kak, —kg Asks t+hgk,y—kyk, —(2k,ks/k,) 


slope=~ .o- ++ (32) 
Pp 2 2 PH,0 ( 
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If the above intercepts and slopes are now plotted against py.o (Fig. 10) 
the values of 


Wes xcsus onacel (33) 
(> oS) (34) 

aia (3 ee ) | Perr (35) 
( k sk»--ksk, —k,k— its) "Pero eer (36) 


are obtained from the intercepts and slopes of the resulting straight lines. 
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Fig. 10.—Plots of slopes and intercepts of py_o/r v. py, at constant 
PH,O Y- PH,o at temperatures of 750, 790, and 830 °C. 


An approximate value for k, can be obtained from the rate of methane 
formation 


rou, =)19ePu,0; COC OCEE ON OSBO EEOC (37) 
and the relationship 


kajg=ky. 


If it is assumed that most of the active surface is covered by hydrogen as is 
indicated by the strong retarding effect of hydrogen and by the pronounced 
curvature of the adsorption isotherms (Long and Sykes 1948), then 6, is nearly 
equal to unity and the slope of the plot of methane rate against steam pressure 
j,9, can be taken as j,. If it is also assumed that k, is small compared to k,k, 
then an approximate value for k, can be obtained from (35), and thus a value 
for k,. This value can be substituted in the expression (35) to obtain a better 
value for k,. This process is repeated until the best values for k, and k, are 
found. 

The term k,k, can be neglected because it is small compared to k,k,+k,k,. 
This is so, since j, is large, the amount of adsorbed oxygen always being small. 
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This assumption may not be strictly justifiable in all cases but is necessary to 
obtain k; from the available data. Using values of k,, k,, and k, already deter- 
mined, values for k, and k, can be calculated from the expressions (34) and (36), 
This approximate value of k, is not adequate to express the data at high steam 
pressures and low temperatures when the term k;py,o is comparable to 
k,pu,o+kypu,pu.o. The values of k, obtained by the method above had 
therefore to be increased by 10 to 100 per cent. to give a good fit to the experi- 
mental results. This arbitrary increase is within the limits of error because 
of the small differences involved in the determination of this particular 
constant. The term kjpy,o is small compared to 1+k,py, and consequently 
a small error in the value of k, may be tolerated. 


The fit of the final rate equation 





_ kypuo +k pu,Pu.o +h sPi,o 39) 

r= 1+k,pu,-+kaPu,o yi! vad saemneWae ( 

over the steam and hydrogen partial pressure ranges considered and using values 
of the constants determined by the above method can be seen from Figure 4. 
The curves are calculated from the above expression and the points are experi- 
mental. The values of the constants are shown in Table 1 and a plot of the 
logarithms of the constants against 1/7 is shown in Figure 11. 


TABLE 1] 


VALUES OF THE CONSTANTS 








Temp. k, x 10-4 ke ks k,x10-4 | k, x 10-* 
(°C) (g-mol min-! ; (atm-?) (atm-) (g-mol min-! ; (g-mol min ; 
g-} atm-) g-tatm-1) | g-atm-) 
750 0-36 35 0-06 0-3 1-5 
790 1-25 35 0-09 0-5 1-5 
830 3-7 35 0-14 1-05 1-5 


The overall constants refer to several individual steps and in the present 
work there is no indication which of these steps is the most important. The 
energies of activation for k,, k,, and k, are 60, 20, and 30 kcal/g-mol respectively. 
No temperature coefficient was obtained for k,. No energy of activation has 
been shown for k,; although k;—k,2j,/j,. However, as shown above, the eirors 
in determining k, are large and consequently no numerical value for its energy 
of activation can be obtained. 

The feature of particular interest arising from the present study on the 
kinetics of the carbon-steam system is the production of methane. The 
mechanism postulated for methane formation is that given in equation (13) 
although methane can be produced by the action of hydrogen on carbon without 
the presence of steam. It is possible that at high hydrogen partial pressures 
some methane will be formed by equation (12). The hydrogen partial pressures 
used in these experiments have been small compared with those of the steam. 
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Small changes in added hydrogen partial pressure would not therefore be 
expected to have much effect on a surface nearly saturated with hydrogen 
produced by steam decomposition. Both,mechanisms may apply but more 
work would be required to elucidate this aspect. 

The strong retardation by hydrogen of the carbon-steam reaction is of 
particular interest. From the magnitude of this effect it appears unlikely that 
the steam decompositions achieved in commercial water gas plants are due solely 
to the carbon-steam reaction followed by catalysed water gas shift. A reaction 
which, perhaps, has not been sufficiently considered in relation to water gas plants 
is that between carbon dioxide and carbon. Detailed information on the rate 
of this reaction as compared with that of carbon and steam would be of interest. 
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Fig. 11.—Variations of constants with temperature. 


It has been reported (Gadsby et al. 1948) that the carbon-carbon dioxide 
reaction is retarded by both hydrogen and carbon monoxide. The degree of its 
retardation by hydrogen is more important as the carbon monoxide will be 
removed to a considerable extent by catalysed water gas shift. If hydrogen 
has a smaller inhibiting effect on the carbon-carbon dioxide reaction than on 
the steam-carbon reaction, then the main reactions occurring in a water gas 
generator may be considered as 


EP Fh, snc sc csssscascce (40) 
CO+H,0=CO,+H,, 

followed by 
OPTRA, onc ec dsre nsec ceva’ (42) 


The carbon monoxide formed from equation (42) would again be oxidized to 
arbon dioxide by water gas shift and this cycle is repeated. 

The nature of the active sites is still a matter for speculation. It can be 
assumed that since the reaction rate is substantially constant until quite a large 
proportion of the carbon has been burnt off, the total number of active sites 
remains unchanged. 

If atoms at the edge of the carbon lattice, having one free orbital available 
for reaction with other molecules, are those which react to form carbon monoxide, 
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the elimination of one as a molecule of carbon monoxide should leave at least two 
positions available for further reaction. In this case it would be expected that 
the reaction rate would increase with increase in the amcunt of carbon gasified. 

The active centres for the formation of carbon monoxide are of a more 
specific nature and could be carbon atoms to which oxygen is already attached. 
It is well known that carbons prepared at temperatures below about 1100 °C 
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Fig. 12 
contain oxygen and that the amount of oxygen is a function of the temperature 
of carbonization. It has been suggested that the reactivity of cokes is a maximum 
if prepared at a temperature in the region 700 to 800 °C (Sutcliffe and Cobb 
1928; Terres et al. 1934, pp. 585, 628, 650, 666, 681, 703), and recently Garten 
and Weiss (1955) have shown that oxygen can be present as a semiquinone in 
carbons prepared at 700 °C, changing to a quinone structure at 800°C. This 
would infer that the increased reactivity could be connected with a resonance 
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phenomenon involving surface oxygen already present on the carbon. It has 
been shown that surface oxygen plays a part in the activation of carbonized 
coals (Arthur, Newitt, and Raftery 1956) and that surface oxygen complexes 
can be decomposed by the action of oxygen. 

If carbon atoms having oxygen attached are those responsible for the 
production of carbon monoxide, their removal would be accompanied by replace- 
ment of oxygen, from the steam, on a neighbouring activated site. Retardation 
by hydrogen would be accomplished by its adsorption on sites adjacent to an 
oxygen grouping. The removal of carbon monoxide would leave available 
two sites for the adsorption of hydrogen. Removal of a further molecule of 
carbon monoxide from an adjacent position would leave at least one of these 
positions available for the adsorption of further hydrogen and this would make 
available a site for the production of methane. The mechanism could be 
explained by the system shown in Figure 12. 

The formation of small amounts of ethane suggests that at least in some 
cases one more hydrogen atom is attached to the carbon to form a —CH, grouping. 
Most of the hydrogen will be adsorbed on sites from which it can readily be 
desorbed. Only the hydrogen adsorbed on sites where the structure is favourable 
to the formation of methane will be liberated as methane. 

Steam attack on carbon by this method would produce a honeycomb effect 
and so preserve the original bulk volume, an effect which has been observed. 
It would also increase the apparent surface area since sites capable of adsorbing 
gases, such as hydrogen, are increasing. Since these adsorption sites do not 
yield carbon monoxide directly, the reaction rate would be independent of surface 
area, aS measured by adsorption methods, for quite appreciable changes. This 
also has been observed. 
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ACETOXYLATION BY ARYLIODOSO ACETATES* 


Il. KINETICS OF THE REACTION OF PHENYLIODOSO ACETATE WITH 
ACETO-p-TOLUIDIDE 


By W. D. Jounsonyf and N. V. Riaest 
[Manuscript received August 27, 1957] 


Summary 
The reaction of phenyliodoso acetate and aceto-p-toluidide in acetic acid is first 
order in each reactant and measured rates fit the Arrhenius equation in the temperature 
range 15-45 °C. Addition of water to the solvent markedly accelerates the reaction, 
whereas addition of benzene lowers the rate and acetic anhydride has little effect. A 
polar transition state is indicated. 


I. INTRODUCTION 
Derivatives of acetanilide containing electron-releasing substituents in the 
p-position react with phenyliodoso acetate in acetic acid solution to give good 
yields of products containing an acetoxyl group in the m-position (Barlin and 
Riggs 1954). In particular, a 65 per cent. yield of 3-acetoxy-4-methylacetanilide 
was obtained from aceto-p-toluidide and phenyliodoso acetate. The present 
paper reports the kinetics of this reaction. 


II, EXPERIMENTAL 
(a) Materials and Solvents 
(i) Aceto-p-toluidide, a commercial sample or that prepared from p-toluidine 
by acetylation with acetic anhydride in aqueous solution by the method of 
Vogel (1948), was recrystallized from water containing a little methanol to a 
constant m.p. of 152°C. It was dried over concentrated sulphuric acid and 
potassium hydroxide pellets in a vacuum desiccator. 
(ii) Phenyliodoso acetate, anhydrous acetic acid, and pure benzene were 
prepared as reported previously by Johnson and Riggs (1955). 
(iii) Acetic anivdride (C.S.R. “97 per cent.’’) was fractionated through 
12 em of Fenske helices, the fraction of b.p. 136-5 °C/687 mm being retained. 
Water was distilled over potassium permanganate and sulphuric acid, and the 
distillate redistilled over sodium hydroxide with rejection of head and tail 


fractions (c. 10 per cent.) at each distillation. 


* For Part I of this series see Barlin and Riggs (1954).—J. Chem. Soc. 1954: 3125. 
+ Department of Organic Chemistry, University of New England, Armidale, N.S.W. ; present 
address: Division of Food Preservation, C.S.I.R.O., Homebush, N.S.W. 
t Department of Organic Chemistry, University of New England, Armidale, N.S.W. 
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(b) Kinetic Measurements 

A water-filled thermostat controlled by a mercury-toluene regulator 
(accuracy, +0-04°C) or Jumo contact thermometer (accuracy, +0-02 °C) 
was used throughout. 

In a typical experiment in the region of 25 °C, a sample of aceto-p-toluidide 
(c. 0-7 g) was weighed into a calibrated standard flask (50 ml) which wag then 
immersed in the thermostat. A solution of phenyliodoso acetate in acetic acid 
(c. 60 ml; c. 0-05M, accurately determined by titration as below) was brought 
to the temperature of the thermostat (14-2 hr), then rapidly added up to the 
mark of the standard flask, the anilide dissolving within 10-20 sec. At measured 
time intervals thereafter, samples were withdrawn by means of a calibrated 
pipette (2 ml) kept at the temperature of the bath, and delivered into a “ stopping 
solution ” consisting of a freshly prepared mixture of 0-15N hydrochloric acid 
(10 ml) and 0-75M potassium iodide solution (5 ml). The liberated iodine was 
titrated with 0-025N sodium thiosulphate, standardized against A.R. potassium 
bromate or iodate with a starch indicator (Vogel 1943). 

For faster reactions (e.g. those at higher temperatures) convenient rates 
were achieved by the use of 0-005-0-01M phenyliodoso acetate and a 250 ml 
standard flask, the reaction then being followed by titration of 10 ml samples. 


(c) Calculation of Rate Constants 
From the titrations the initial concentration b and the concentration 5—y 
at time ¢ of phenyliodoso acetate were calculated. The initial concentration a 
of aceto-p-toluidide was calculated from the weight of sample taken and the 
initial volume of the reaction mixture. Apparent second-order rate constants 
k, were calculated from the expression, 
k,=[1/t(a —b)] [In{b(a —y)/a(b —y)}]. 
Details of a typical run are given in Table 1. In runs involving a substantial 
excess (10-18 mol) of aceto-p-toluidide, first-order rate constants k, were 
calculated from the expression 
k,=(1/t)[In{b/(b —y)}}. 
Results are presented in Table 2. 
TABLE | 
PHENYLIODOSO ACETATE AND ACETO-p-TOLUIDIDE IN ANHYDROUS ACETIC ACID AT 26-2 °C 


Initial concentrations: b=0-0367M (titre, 7-24 ml), a=0-0932M (0-694 2/50 ml); 0-0203N 
sodium thiosulphate 


t (min) i 4 18 29 40 60 80 110 | 150 | 182 | 210 | 240 
Titre (ml) 6-39 | 5-92 | 5-51 | 4-82 | 4-28 | 3-61 | 2-89 | 2-42 | 2-12 | 1-83 
102(b—y) (M) 3-24 | 3-00 | 2-80 | 2-44 | 2-17 | 1-83 | 1-47 1-23 | 1-06 | 0-93 
10%(a—y) (M).. 8-89 | 8-65 | 8-45 | 8-09 | 7-82 | 7-48 | 7-12 | 6-88 | 6-71 | 6-58 
10°%,* .. 1-27 | 1-29 | 1-27 | 1-26 | 1-29 | 1-28 | 1-27 | 1-28 | 1-28 | 1-26 
Mean k,* 1-27+0-02 x 10-3 

Duplicate k,* 1-24+0-02 x 10-3 








*In 1 mole—! sec-!. 
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TABLE 2 
PHENYLIODOSO ACETATE AND EXCESS ACETO-p-TOLUIDIDE IN ANHYDROUS ACETIC ACID AT 24-8 °C 





1075 (M) ou i 0-95 0-96 | 0-98 0-99 0-99 
10°a (M) .. rv wi 17-48 15-10 14-72 12-04 9-95 
a/b re ee - 18-3 15-7 15-0 12-1 10-0 
104k, (sec) et as 1-78 1-62 1-56 1-25 1-07 
10°k,/a* .. ‘a - 1-02 1-07 1-06 1-04 1-08 
Mean k,|a* : sci 1-05-+0-02 x 10-3 


*Tn 1 mole— sec, 
III. RESULTS AND DISCUSSION 

In kinetic experiments with equimolar initial concentrations of aceto-p- 
toluidide and phenyliodoso acetate or with more than 1 mol of the latter, second- 
order rate constants calculated for the disappearance of equimolar amounts of 
the reactants rose progressively as the reaction proceeded. First-order 
dependence of the rate on the concentrations of each of the reactants was 
established by the use of substantial excesses (10-18 mol) of aceto-p-toluidide, 
the reaction then being first order in phenyliodoso acetate, and the first-order 
rate constants proportional to the concentrations of aceto-p-toluidide (Table 2). 
The rise in calculated second-order rate constants was therefore due to con- 
sumption of phenyliodoso acetate by the product of the rate-determining stage 

TABLE 3 

PHENYLIODOSO ACETATE AND ACETO-p-TOLUIDIDE IN ANHYDROUS ACETIC ACID 


sy) i ah 24°8 26-2 35-2 40-3 44-7 

107b (M) ee ae 3°67 0-90 0-87 0-43 
10°a (M) ae x Table 2 9-32 2°15 2-28 1-57 
10°k,* as se 1-05+0-02 1-27 3°58 5-9 9-9 

1-24 3°50 10-0 

Et es ' i 21°3 . 

log At i ve aa 

Cale. 10°k,* is ia 1-07 1-26 3°6 5-9 10-0 


*In 1 mole! sec-!. + In keal mole-!. {A in 1 mole~!sec~!. § Graphically. 


in a subsequent reaction. The effect of the latter on the kinetics was eliminated 
by the use of 2-3 mol of aceto-p-toluidide, strict second-order kinetics then being 
observed (until at least 70-80 per cent. of the phenyliodoso acetate was consumed ; 
Table 1), so that the subsequent reaction must have been relatively slow, and 
the rate measured is that of the production of 3-acetoxy-4-methylacetanilide 
(Riggs 1958). These conclusions are consistent with the isolation, in the earlier 
preparative experiments, of a 65 per cent. yield of acetoxylated product and 
only a trace of a more highly oxidized product (2-acetamido-5-methyl-p-benzo- 
quinone) when the aceto-p-toluidide had consumed the 1-4 mol of phenyliodoso 
acetate added (Barlin and Riggs 1954). 

For comparative purposes rates have been measured under conditions 
leading to second-order rate constants. The rate constants k,, which are accurate 
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to about 1 in 50, proved sensitive to traces of water in the solvent, and anhydrous 
conditions were maintained by addition to the purified acetic acid used of a trace 
(c. 1 per cent.) of acetic anhydride which has a negligible effect (see below). 

The measured rates fit the Arrhenius equation, k,—A exp (—E/RT), over 
the temperature range studied, values of log A and EF being 12-66 (A in 
] mole sec!) and 21-3 -+-0-6 keal mole! respectively (Table 3). 


TABLE 4 


PHENYLIODOSO ACETATE AND ACETO-p-TOLUIDIDE IN AQUEOUS ACETIC ACID 








% H,O (by 
vol)* 1 5 10 20 50 80 
T (°C) 25-2 35-2 44-7 | 26-2 | 26-2 | 18-2 26-2 | 26-2 26-2 
10%k,+ 1:54 4-92 14-0 2-40 2-73 1-61 3-89 12-7 37-3 
1:54 4-97 13-5 2-38 2-70 1:60 3-92 12-5 _ 
Bt .. 21-2 — — 19-3 — _ 
Log A§ 12-72 


es _ SF 11-6 oni sia 





* v% H,O (by vol) means a mixture of v volumes of water made to 100 volumes with acetic 
acid at room temperature. 
+ In 1 mole! sec-!. {In kcal mole. §A in 1 mole! sec~. 


As shown in Table 4, 1 per cent. of water in the solvent increased the rates 
by ec. 40 per cent. without affecting the values of log A or E appreciably and 
progressive increases of rate occurred with further addition of water, the rate in 
a mixture of 4 volumes of water and 1 volume of acetic acid being c. 30 times 
that in dry acetic acid. The values of log A and £ for acetic acid containing 


TABLE 5 


PHENYLIODOSO ACETATE AND ACETO-p-TOLUIDIDE IN ANHYDROUS ACETIC ACID CONTAINING 
ACETIC ANHYDRIDE OR BENZENE AT 26-2 °C 








Acetic Anhydride Benzene 
% (by vol)* .. 1 2 5 1 10 
10°, oi 1-25 1-29 1-35 1-30 1-16 
1-29 1-31 1-39 1-31 1-14 


* See footnote to Table 4. 
+ In 1 mole! sec". 


20 per cent. of water appear to be somewhat lower than those for dry acetic acid, 
but no great significance can be attached to this result which is based on measure- 
ments at two temperatures only 8 °C apart. Table 5 shows for comparison the 
effects at 26-2 °C of acetic anhydride and benzene in the solvent. 

The second-order kinetics observed are in accord with reaction via a transition 
state involving one molecule of each of the reactants. Present results do not 
show whether the transition state is reached in a number of fast equilibrium 
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stages, or in a single bimolecular process; or whether the transition state 
decomposes to products directly, or in a number of stages. The effect of water 
in markedly increasing the rate and the complementary, small rate-depressing 
effect of benzene suggest that the transition state is more polar than the reactants. 


IV. REFERENCES 
Barun, G. B., and Rigas, N. V. (1954).—J. Chem. Soc. 1954: 3125. 
Jounson, W. D., and Riaas, N. V. (1955).—Aust. J. Chem. 8: 457. 
Riaes, N. V. (1958).—Aust. J. Chem. 11: 86. 
VoceL, A. I. (1943).—‘‘ A Textbook of Quantitative Inorganic Analysis.” pp. 405-8. 
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ARYLATION OF AROMATIC COMPOUNDS* 


V. p-DICHLOROBENZENE WITH BENZOYL PEROXIDE, IODOSOBENZENE DIBENZOATE, 
AND LEAD TETRABENZOATE ; DIPHENYL WITH BENZOYL PEROXIDE 


By MARGARITA KARELSKyt and K. H. PAUSACKERTt 
[Manuscript received October 25, 1957 


Summary 

The reactions mentioned in the title have been investigated and the relative yields 
of the various products have been determined. 

It was found that when p-dichlorobenzene reacts with benzoyl peroxide at certain 
temperatures the molar yield of 2,5-dichlorodiphenyl was greater than that of the 
benzoic acid simultaneously formed. The explanation of this observation is discussed 
in detail. 

A possible new approach to the determination of the relative reactivities of free 
radicals with aromatic compounds is mentioned. 


I. INTRODUCTION 

Hey, Stirling, and Williams (1955) have reacted benzoyl peroxide, iodoso- 
benzene dibenzoate, and lead tetrabenzoate with pyridine, under similar con- 
ditions, and they found that the ratio of the isomeric phenylpyridines formed 

yas almost the same in each case. Similar results have also been noted (Hey, 

Stirling, and Williams 1956 ; Lynch and Pausacker 1957c) when benzoyl peroxide 
and iodosobenzene dibenzoate react with nitrobenzene. It was therefore 
assumed that the mechanism of phenylation was the same in each case. 

In previous Parts of this series (loc. cit.),*it has been shown that variable 
yields of products, other thar phenylated compounds, may be formed from 
aromatic compounds with either benzoyl peroxide or iodosobenzene dibenzoate. 
It was therefore decided to react each of the phenylating agents named in the 
title with p-dichlorobenzene in order to compare the relative yields of all products 
formed during the reaction. p-Dichlorobenzene was chosen as it gives a single 
phenylated derivative. Benzene cannot be used as it does not react with 
iodosobenzene dibenzoate at 80 °C. 

The reaction of diphenyl with benzoyl peroxide is also described. 


II. EXPERIMENTAL 
(a) Reagents 
Benzoyl peroxide and iodosobenzene dibenzoate were purified as described 
in Parts I to IV of this series (loc. cit.). Lead tetrabenzoate was prepared by 
Hey, Stirling, and Williams’ (1954) method. It was found that the residual 


* For earlier Parts of this series see Lynch and Pausacker (1957a, 1957b, 1957c). 
+ Chemistry Department, University of Melbourne. 
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TABLE 1 





| | 
| 
| 








REACTION OF p-DICHLOROBENZENE WITH BENZOYL PEROXIDE* 





Experiment No. : | 1, a 59, 61 7, 8 14, 16 17, 18 
| 
Added CCI,CO,H (g) .. | — — 4-7 11 
Temperature (°C) ‘ow 78 100 130 100 100 
Time of heating (hr) .. 20 5 | l 5 5 
Vol. CO, (ml) .. cay — 798, 829 899, 952 473, 472 565, 572 
(1-28) (1-47) (0-73) | (0-88) 
Ph.CO,H 
Ist acid (g) .. .. | 2°61, 2-87 | 2°38, 2-21 | 1-74, 1-78 | 4-48, 4-46 | 3-85, 3-84 
(0-78) (0-65) | (0-50) (1-27) (1-09) 
2nd acid (g) .. .. | 0-22, 0-29 | 0-31, 0-27 | 0-31, 0-35 | 0-22, 0-23 | 0-42, 0-28 
(0-07) (0-09) (0-10) (0-06) (0-10) 
Phenols (g)t aa .. | 0-08, 0-15 | 0-15, 0-19 | 0-12, 0-09 | 0-10, 0-10 | 0-32, 0-48 
(0-04) | (0-05) | (0-04) (0-04) (0-12) 
2,5-Dichlorodipheny]l (g'¢ | 3-87, 3-91 | 4°65, 4-55 | 5-03, 4-84 | 4-15, 4-14 | 3-46, 3-54 
(0-61) (0-71) (0-77) (0-64) (0-55) 


2-68, 2°78 


bo 


-36, 2-43 


1-04, 0-93 


1-37, 1-36 


High-boiling residue (g)§ | 1-78, 1-90 | | 





* Benzoyl peroxide (7 g) and p-dichlorobenzene (300 g) were used in all experiments. Values 
in parentheses are average yields in mol/mol of benzoyl peroxide. 

+ Assumed to be phenol. 

t B.p. 111 °C/0-1 mm, ny 1-6173 (Found: C, 64-9; H,3-9%. Cale. for C,,H,Cl,: C, 64-5; 
H, 3-6%). Augood, Hey, and Williams (1953) quote b.p. 100 °C/0-3 mm, no 1-6167. 

§ This high-boiling residue (10 g) was passed through an alumina column, in benzene solution, 
and 7-85 g of material was recovered from the non-fluorescent band (Found: C, 75-7; H, 4-7; 
Cl, 20-4%). This material was heated (280-300 °C) with palladized charcoal in a stream of 
hydrogen until the evolution of hydrogen chloride was complete (16 hr). 
be isolated. 


No pure product could 


TABLE 
REACTION OF p-DICHLOROBENZENE WITH IODOSOBENZENE DIBENZOATE* 








Experiment No. : 21, 22 23, 24 25 
Added H,0 (g) va — 5 — 
Temperature (°C) ‘a 130 130 165 
Time of heating (hr) .. 10 3 7 
Vol. CO, (ml)... > —, 532 182, 216 498 
(0-82) (0-31) (0-77) 
Ph.CO,H 
Ist acid (g) 2-88, 2-52 6-43, 6-18 2-34 
(0-77) (1-79) (0-66) 
2nd acid (g) 1-27, 1-66 0-31, 0-38 1-70 
(0-42) (0-10) (0-48) 
Phenols (g) oe oF 0-17, 0-21 0-11, 0-10 0:46 
(0-07) (0-04) (0-17) 
2,5-Dichlorodipheny] (g) 3-13, 3-51 0-69, 0-78 2-61 
(0-52) (0-12) (0-39) 
High-boiling residue (g) 0-30, 0-34 0-45, 0-27 0-27 








* Iodosobenzene dibenzoate (12-9 g) and p-dichlorobenzene (300 g) were used 
in all experiments. 
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methylene chloride could not be readily removed so that the material was finally 
crystallized from benzene and dried at 100 °C/0-2 mm. A purity of 95 per cent. 
was indicated by iodometric analysis. p-Dichlorobenzene and dipheny! were 
purified by distillation immediately prior to use. 


(b) General Procedure 
Reactions were carried out, and the various products separated and identified 
following the method given in Parts I and III of this series (Lynch and Pausacker 
1957a, 1957b). 
(c) Results 
The results obtained are summarized in Tables 1-4. The values in 
parentheses are average yields in mol per mol of phenylating agent. 


TABLE 3 
REACTION OF p~-DICHLOROBENZENE WITH LEAD TETRABENZOATE* 





Vol. CO, (ml) “ee eye 461, 490 Phenols (g) a és 0-21, 0-19 
(0-74) (0-07) 
Ph.CO,H 
Ist acid (g) aa ai 4-16, 3-81 2,5-Dichlorodiphenyl] (g) 4-17, 4-03 
(1-13) (0-64) 
2nd acid (g) a a 0-48, 0-60 High-boiling residue (g). . +26, 0-67 
(0-16) 


* Lead tetrabenzoate (20 g) and p-dichlorobenzene (300 g) were heated at 130 °C for 9 hr. 


TABLE 4 
REACTION OF DIPHENYL WITH BENZOYL PEROXIDE* 


Vol. CO, (ml) - - 1743, 1634 Phenols (g) ro. i 0-7, 0-7 
(0-92) ; (0-05) 
Ph.CO,H Diphenylbenzenes (g)t .. 13-5, 12-7 
(0-64) 
Ist acid(g)t  .. a 7-8, 7-9 Diphenylbenzenes (b.p. 140-170 °C/ 
(0-79) °C/mm) 0-2 mm 
2nd acid (g) “ i 2-3, 2-4 High-boiling residue (g). . 3-8, 4-2 
(0-24) 


* Benzoyl peroxide (20 g) and diphenyl (250g) were heated at 78 °C for 13 hr. 

+ Benzene (250ml) was added to the products of reaction before extracting with sodium 
bicarbonate. After this extraction, the benzene was evaporated at atmospheric pressure and the 
dipheny] at reduced pressure (b.p. 126-127 °C/18 mm) before hydrolysing with ethanolic potassium 
hydroxide. 


t Cadogan, Hey, and Williams (1954) have found that the mixture consists of 48-5% o-, 
23% m-, and 28-5% p-diphenylbenzene. 


III. Discussion 
(a) Reactions of p-Dichlorobenzene 
As in previous Parts of this series, it has been found that the sum of the 
yields of 1st benzoic acid, 2nd benzoic acid, and carbon dioxide are very close to 
2mol, indicating that a reasonably quantitative assessment of the products 
has been made. 
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In all cases, 2,5-dichlorodiphenyl was one of the major reaction products 
and it is assumed that benzoyl peroxide, iodosobenzene dibenzoate, and lead 
tetrabenzoate all furnish phenyl and benzoyloxy radicals which are capable of 
effecting phenylation in the generally accepted manner. It has already been 
shown (Hey, Stirling, and Williams 1955) that the phenylation of pyridine by 
benzoyl peroxide, lead tetrabenzoate, iodosobenzene dibenzoate, N-nitroso- 
acetanilide, and phenylazotriphenylmethane produces 2-, 3-, and 4-phenyl- 
pyridine in the same relative ratio. 


It was hoped to compare the relative efficiencies of the phenylating action of 
benzoyl peroxide, iodosobenzene dibenzoate, and lead tetrabenzoate from the 
above results. This was not possible because simultaneous hydrolysis of both 
iodosobenzene dibenzoate and lead tetrabenzoate took place even though care 
was taken to exclude moisture. This hydrolysis accounts for the fact that the 
yield of 1st benzoic acid is considerably higher than the sum of the yields of 
2,5-dichlorodiphenyl and phenol in these two cases. Similar observations have 
been made by Hey, Stirling, and Williams (1956) and Lynch and Pausacker 
(1957¢). It may be noted that when water was deliberately added to the reaction 
mixture (Table 2, runs 23, 24), a very high yield of 1st benzoic acid and a low 
yield of 2,5-dichlorodiphenyl was obtained. When iodosobenzene dibenzoate 
was refluxed with water alone, almost theoretical yields of benzoic acid and 
iodoxybenzene were obtained 


PhI(OCOPh), +-H,O—-PhIO +2PhCO,H, 
2PhIO->PhIO, +Phl. 


Iodosobenzene is presumably formed initially, but it readily disproportionates 
to iodoxybenzene and iodobenzene in the known manner. 

However, apart from this hydrolysis, it is seen that the use of either iodoso- 
benzene dibenzoate or lead tetrabenzoate leads to the formation of much less 
high-boiling residue. Thus the ratio of the weights of 2,5-dichlorodiphenyl 
to high-boiling residue are 10-4, 4-3, and 2-1 when iodosobenzene dibenzoate, 
lead tetrabenzoate, and benzoyl peroxide respectively are used at 130 °C. 
Although lead tetrabenzoate and iodosobenzene dibenzoate react at about the 
same rate with p-dichlorobenzene at 130 °C, it is found that a similar rate of 
reaction is exhibited by benzoyl peroxide at 78 °C (ef. Lynch and Pausacker 
1957). 

When the results with benzoyl peroxide are considered (Table 1) it is seen 
that, in agreement with previous observations (Lynch and Pausacker 1957a, 
1957b), the amount of carbon dioxide increases, and the amount of 1st benzoic 
acid decreases, as the temperature is raised. However, the results obtained at 
100 and 130 °C (Table 1, runs 59, 61, 7, 8) are worthy of particular attention. 
In contrast with the run at 78 °C, it is seen that the yield of 2,5-dichlorodiphenyl 
is greater than that of the 1st benzoic acid. In previously reported experiments 
involving the reaction of benzoyl peroxide with aromatic compounds, it has 
been found that the amount of 1st benzoic acid is either approximately equal to, 
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or slightly greater than, the arylated compound. This was explained by the 
following mechanism : 
ArH +Ph—ArHPh, 
ArHPh +PhCO,—ArPh + PhCO,H. 


In those cases where benzoyloxylation was a concurrent reaction, the 1st benzoic 
acid is further increased due to participation of the following reaction : 


ArH +PhCO,—ArH.OCOPh, 
ArH.OCOPh + PhCO,—Ar.OCOPh +PhCO,H. 


It is obvious that an entirely different mechanism must account for at least 
part of the 2,5-dichlorodiphenyl formed when the reaction at 100 and 130 °C is 


TABLE 5 
REACTION OF p-DICHLOROBENZENE WITH BENZOYL PEROXIDE AT 130 °C 








Products Weight Mol/Mol (PhCO,). 
(g) ; 

Carbon dioxide ba a a 1-79 1-40t 
Ph.CO,H 

Ist acid és - aie 1-78 0-50 

2nd acid av bi oe 0-35 0-10 
Phenols* s a ea 0-09 
2,5- Dichlovedighenyi o ee 4-84 0-75 
High-boiling residuet es és 2-43 

Total 11-28 


. Found : C 1, 13-8%. This would correspond to a mixture of 2,5-dic hloro- 
phenol (0-029 g; 0-006 mol) and phenol (0-061 g; 0-022 mol). 

+ Found: C, 74:4; H, 4-6; Cl, 21-3%. 

t The yields of carbon dioxide (1-47), Ist benzoic acid (0-50), and 2nd 
benzoic acid (0-10) add up to 2-07 (instead of the theoretical 2-00 mol). It is 
most likely that the carbon dioxide value is in error and so a yield of 1-40 mol of 
carbon dioxide has been assumed for the purpose of this calculation. 


considered. One of these reactions (Table 1, run 8) has therefore been chosen for 
detailed analysis in an attempt to write a balanced equation for the reaction. 
The results for this run are summarized in Table 5. 

As the initial weight of benzoyl peroxide was 7 g, it follows that 4-28 g of 
p-dichlorobenzene (equivalent to 1-00 mol) has become incorporated into the 
products. This is in agreement with previous work (Lynch and Pausacker 
1957a, 1957b), where it has been found that benzoyl peroxide and other aromatic 
compounds react in equimolar proportions. 

The formation of phenyl benzoate, carbon dioxide, and 1st benzoic acid is 
assumed to occur as follows (cf. Lynch and Pausacker 1957a) : 


0-03 (PhCO,),>0-03CO,+0-03PhCO,Ph, ............ (1) 
0 -685(PhCO,),—>1-37PhCO,—>1-37Ph+1-3700,,  ...... (2) 


0 -500,H,Cl, +0 -50Ph +0 -50PhCO,->0 -50C,H,C1,Ph +0 -50PhCO,H. 
(0-25(PhCO,),) 
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As the 2nd benzoic acid is greater than the phenol, and the high-boiling 
residue does not contain oxygen, it is assumed that part of the initial adduct 
from phenyl radicals and p-dichlorobenzene can be oxidized directly by benzoyl 
peroxide. 


0-070,H,Cl, +0-07Ph->0-070,H,Cl,Ph, ...........00eeeee (4) 


0-070,H,C1,Ph +0 -035(PhCO,),—>0 -07C,H,Cl,Ph +0 -035(PhCO),0 +0 -035H,0. 
ree reed ee (5) 
The benzoic anhydride will appear in the 2nd benzoic acid fraction. 
Up till the present, only 0-57 mol of 2,5-dichlorodipheny] has been accounted 


for (eqns. (3) and (5)) and it is assumed that the remainder is formed by dis- 
proportionation of the adduct formed according to equation (4) 


0 -36C,H,Cl, +0 -36Ph—>0 -36C,H,Cl,Ph—>0 -18C,H,Cl,Ph +0 -18C,H,Cl,Ph. 
(i) (IT) 


From equations (3), (4), and (6), it can be seen that 0-93 mol of p-dichloro- 
benzene has been accounted for and it is assumed that the remainder (0-07 mol) 
has given an adduct with phenyl radical which subsequently dimerizes (cf. 
Lynch and Pausacker 1957a; Pausacker 1957). 


0-07C,H,Cl, +0 -07Ph>0-070,H,Cl,Ph—>0-035(C0,H,C1,Ph).. .. (7) 


Although 1-37 phenyl radicals were formed initially (eqn. (2)) only 
1-00 has been accounted for up til! the present (eqns. (3), (4), (6), (7)). It 
is probable that these have added to the diene (formula I is one possible structure), 
formed according to equation (6), to give the substituted cyclohexene (formula 
II is one possible structure) which may polymerize under the reaction conditions. 


Cl Cl 
Cl Cl 


(1) (II) 
Thus the high-boiling material should correspond to 
0-035(C,H,Cl,Ph), +0-18C,H,Cl,Ph,. 


This would weigh 2-53 g and have the following percentage analysis: C, 74-0; 
H, 5-1; Cl, 21-0. These results are very close to those found experimentally 
(Table 5). 

It is seen (Table 1) that the addition of trichloroacetic acid causes a decrease 
in the yield of carbon dioxide and 2,5-dichlorodiphenyl but an increase in the 
yield of 1st benzoic acid. These findings have also been substantiated in the 
reaction of benzene with benzoyl peroxide (unpublished data). Although the 
rate of reaction of p-methoxy-p’-nitrobenzoyl peroxide with benzene is markedly 
increased by the addition of trichloroacetic acid (Leffler 1950), it has been reported 
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(Bartlett and Leffler 1950) that the rate of reaction of benzoyl peroxide with 
benzene is only slightly increased by the addition of trichloroacetic acid. As the 
effect of acid catalysts on the yields of the various products is of interest, it is 
intended to investigate this in greater detail in future. 


(b) Reaction of Diphenyl with Benzoyl Peroxide 

It is seen (Table 4) that these results offer certain comparisons with those 
obtained from the reaction of benzoyl peroxide with benzene (Lynch and 
Pausacker 1957a) as the yields of carbon dioxide and phenylated product are 
higher and the yield of 1st benzoic acid is lower. It has been suggested (Lynch 
and Pausacker 1957b) that an indication of the relative reactivities of 
aromatic compounds with the phenyl radical may be obtained by comparing the 
ratio of benzoyloxylated products to phenylated products formed during the 
reaction of an aromatic compound with benzoyl peroxide. It is now seen that 
the amount of benzoyloxylated product formed during a reaction is often very 
small and so this ratio will be extremely difficult to determine accurately. As 
the reaction of aromatic compounds with benzoyl peroxide may be represented 

as follows : 
(PhCO,), 





> 2PhCO, ———>Ph-+CO, 
ArH ArH 


{ 1, ‘ 

PhCO,Ph+CO, ArOCOPh ete. ArPh etc., 
(spontaneous 

decomposition) 


it is felt that the determination of the amount of carbon dioxide formed 
may lead to an assignment of the relative reactivities of aromatic compounds, 
provided the spontaneous decomposition is not appreciable. Roitt and Waters 
(1952) have already indicated that this approach may be used. As it has been 
shown that the amount of carbon dioxide formed is dependent both on the 
concentration and the temperature, it is intended to measure the amount of 
carbon dioxide formed when benzoyl peroxide reacts with a number of aromatic 
compounds under identical conditions. 
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STUDIES OF THE OPTICALLY ACTIVE COMPOUNDS OF = 
ANACARDIACEAE EXUDATES ise 
I. THE LONG-CHAIN ALICYCLIC KETO ALCOHOL OF TIGASO OIL no 
of 
By L. K. DALTON* and J. A. LAMBERTON* Jo 
cy 
[Manuscript received September 30, 1957] th 
‘ pr 
Summary - 
Tigaso oil, which is obtained as an exudate from a tree of the Anacardiaceae family 
identified as Campnosperma sp. vel. aff. C. brevipetiolata Volk., has been found to contain = 
an optically active compound. This is considered to be (-+-)-5-hydroxy-5-(nonadec- 
10’-en-2’-onyl)cyclohex-2-enone (V), a new type of natural product. It is very closely al 
related to the phenol, campnospermonol (I; R=H) which is the major compenent of PY 
Tigaso oil, and is readily converted into a mixture of campnospermonol and camp- 
nospermonyl alkyl ether by heating in alcoholic hydrochloric acid. On pyrolysis, V ot 
yields resorcinol and methyl oleyl ketone almost quantitatively. th 
(+)-3-Hydroxy-3-(nonadecan-2’-onyl)cyclohexanone (VI) obtained by catalytic wi 
hydrogenation of V is easily dehydrated to 3-(nonadecan-2’-onyl)cyclohex-2-enone (VII) ar 
which has acidic properties and gives a yellow solution in alkali. Heating VII in alkali eo 
gives stearic acid and 3-methylceyclohex-2-enone as the principal products. When 
the hydroxydiketone (VI) is heated the major reaction is dehydration to give VII, but 
pyrolysis also takes place, giving methyl stearyl ketone and dihydroresorcinol. 
3-(Nonadecan-2’-onyl)cyclohexanone (VIII) is obtained by catalytic hydrogenation 1 
of VII and also by oxidation of the diol X, itself prepared from hydrocampnospermonol 
(II; R=H) by high pressure hydrogenation. ce 
The structure originally assigned to campnospermonol by Jones has been established th 
by the synthesis of hydrocampnospermonyl methyl] ether, from 3-methoxyphenylacety] of 
chloride and diheptadecyl cadmium. Ti 
The odour of Tigaso oil is partly due to a small amount of a volatile ketone C,H,,0 ke 
which consists mainly of 3-methyleyclohexanone ; probably a mixture of (+)- and n 
(—)-isomers with the (—)-isomer preponderant. 
I. INTRODUCTION fo 
Tigaso oil is obtained as a dark brown exudate from the sapwood of C. 
Campnosperma brevipetiolata (Anacardiaceae), a large tree found in swampy areas al 
of New Guinea. The natives tap the trees for oil which they use, sometimes of 
mixed with soot, to smear over the body as a protection against lice and fleas. al 
The tree is known by various local names as well as Tigaso, e.g. Diumu. - 
The oil is available in fairly large quantities : some large trees in the Lake Kutubu b 
area of New Guinea, when tapped in the native fashion, have yielded oil at the « 
rate of three-quarters of a gallon per month, but it is not known how long this 1 
yield can be sustained (Womersley 1955, personal communication), P 


* Division of Industrial Chemistry, C.S.I.R.O., Melbourne. ¢ 





as 
eS 


u. 
bu 
he 


OPTICALLY ACTIVE COMPOUNDS OF ANACARDIACEAE EXUDATES. I 47 


The oil used in the present study was obtained in the Lake Kutubu region of 
the New Guinea Central Highlands, from trees identified as belonging to the 
genus Campnosperma and closely related to Campnosperma brevipetiolata Volk. 
Previous work (Jones and Smith 1928 ; Jones 1933) was done on an oil collected 
in the lower Sepik River area and there may be a varietal difference which could 
possibly account for the differences observed in the physical properties. 

The earlier work on Tigaso oil was concerned with the chemistry of camp- 
nospermonol, a ketonic phenol which was found to make up the greater part 
of the oil. The most conclusive evidence for the structure (I; R=H) which 
Jones (1933) put forward for this phenol, was the formation of m-methoxypheny]l- 
cyanide and oleic acid in the reaction between phosphorus pentachloride and 
the oximino derivative of campnospermonyl methyl ether (I; R=CH,). The 
present work provides further evidence in support of this structure for camp- 
nospermonol and it has been fully confirmed by the synthesis of hydrocamp- 
nospermonyl methyl ether (II; R=CH,). 

It was noticed in these laboratories that fresh specimens of Tigaso oil have 
an appreciable degree of optical activity which may be as high as [«]p +6 to 
+8°, but that the optical rotation slowly decreases on prolonged storage. This 
observation led to a complete re-examination of the oil with the object of isolating 
the optically active compound and determining its structure. Jones (loc. cit.) 
worked with an oil which had been given a preliminary treatment with alkali, 
and this is now known to cause rapid decomposition of the optically active 
compound. 


II. DISTILLATION PRODUCTS OF TIGASO OIL 

When an optically active specimen of Tigaso oil, [x]p +6°, is distilled at 
1mm it yields resorcinol (8 per cent.), an unsaturated ketone, C,,H,,O (23 per 
cent.), and campnospermonol (60-65 per cent.). There is no free resorcinol in 
the original oil and evidently it is produced during the distillation by pyrolysis 
of some component of the oil. A similar distillation of another specimen of 
Tigaso oil, which initially had an optical rotation of [«]p +6° but after being 
kept in storage for 3 years had only a slight activity of less than [«]p +1°, gave 
no resorcinol, and only a small amount of the unsaturated ketone. 

The ketone, C,,H,,0, has been shown to be methyl] oleyl ketone (III) by the 
following series of reactions. Catalytic hydrogenation gives a saturated ketone, 
C,,H3;,0, which is oxidized by sodium hypoiodite to stearic acid and iodoform 
and is identical with a synthetic specimen of methyl stearyl ketone. The cis-form 
of III, and the trans-form obtained by elaidinization, are converted into threo- 
and erythro-10,11-dihydroxynonadecan-2-one (IV) respectively, by the performic 
acid method of hydroxylation. The position of the double bond is established 
by oxidizing III with potassium permanganate, followed by further oxidation 
of the products with sodium hypobromite. This yields nonoic and azelaic acids. 
The formation of nonanal in the periodate oxidation of the threo-form of IV 
provides further proof of the position of the double bond. 

In both the unsaturated ketone obtained by distillation of the oil and 
campnospermonol there is an unusual degree of uniformity in the composition 
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of the long aliphatic chain. The products derived from them by hydrogenation 
are readily obtained in a high state of purity and there is no indication of the 
presence of homologues or of compounds having double bonds at other positions 
along the chain. 


III. THE OPTICALLY ACTIVE COMPOUND 
The optically active compound may be isolated, almost free from camp- 
nospermonol, by carefully chromatographing Tigaso oil on neutralized alumina, 
but there is considerable loss of material due to decomposition on the column. 











Fig. 1.—Ultraviolet absorption spectra. 


(a) Optically active compound V. 
(b) Tigaso oil. 
(c) Campnospermonol. 


Other products obtained by chromatography will be discussed in Part IT of this 
series (Dalton and Lamberton 1958). The most highly purified material, 
[«]p +26°, gives resorcinol and methyl oleyl ketone almost quantitatively when 
heated under reduced pressure. Moreover, catalytic hydrogenation gives a 
reduction product (see Section IV) identical with the compound obtained by 
hydrogenating Tigaso oil and then chromatographing the reduced oil. These 
reactions and the retention of optical activity are convincing evidence that the 
substance isolated by chromatography is originally present in Tigaso oil and 
responsible for the properties already mentioned. 
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The ultraviolet absorption spectrum of the purified compound has no peak 
corresponding to the absorption maximum of campnospermonol at A 273 my ; 
¢ 2060 but instead it has the absorption characteristic of an unsubstituted «- 
unsaturated ketone (Amax, 224mu; ¢ 8400). Schubert and Sweeney (1955) 
reported a similar absorption (Amax. 224-5 mu; ¢ 10,300) for cyclohexenone. 
From the absorption curves (Fig. 1) for the purified compound, campnospermonol, 
and Tigaso oil it appears that the original oil contains about 70 per cent. camp- 
nospermonol, if the relative intensities at 4 273 mu are compared. This agrees 
approximately with the proportions of resorcinol and methyl oleyl ketone 
obtained by distillation, and the yield of campnospermonol in the chromatographic 
fraction of the oil. 

The properties of the optically active compound seem to be best explained 
by regarding it as (+)-5-hydroxy-5-(nonadec-10’-en-2’-onyl)cyclohex-2-enone (V), 
and this structure has received additional support from measurements of the 
infra-red absorption spectrum. Professor A. N. Hambly and Mr. D. Creutzberg 
who kindly examined the infra-red spectrum reported that V does not show any 
band due to a free hydroxyl group, but an asymmetric band at 3436 cm-! was 
considered to be due to a hydrogen-bonded hydroxyl group together with 
carbonyl overtone frequencies. There is very strong absorption at 1709 and 
1673 em! in a liquid film corresponding to 1718 and 1686 cm~-? in tetrachloro- 
ethylene. The former is a normal carbonyl absorption ; the latter characteristic 
of a conjugated unsaturated ketone. In agreement with this the hydrogenated 
product VI shows the corresponding absorptions at 1707 and 1693 cm-! in a 
** Nujol” mull, and at 1721 and 1708 cm~? in tetrachloroethylene, of which the 
higher frequency would be that of the carbonyl in the six-membered ring. and the 
lower that of the carbonyl in the chain. No absorption due to the ethylenic 
bond in the long chain of V was resolved but a strong absorption at 1599 em-! 
is probably due to the double bond conjugated with the carbonyl group. The 
other two absorptions in this region at 1617 and 1589 cm, together with 
1489 em~-!, are considered to be produced by an aromatic impurity (probably 
campnospermonol) in the sample. Other absorptions in the region 1250 to 
1500 em-! are as expected for methylene and methyl in situations corresponding 
to the proposed structure. 

Addition of a few drops of concentrated hydrochloric acid to a solution of 
the optically active compound V produces no significant change in the ultra- 
violet absorption of the solution but when the acidified solution is heated for 
1 min and then cooled, the absorption is then similar to that of campnospermonol 
and has a maximum at 4273 mu. Hydrogenation of the oil obtained by heating V 
in e?'\anolic hydrochloric acid gives a crude product having an ultraviolet 
absorption typical of a phenol, but it is separated by chromatography into a 
phenolic and a non-phenolic compound. The phenol is hydrocampnospermonol 
(II; R=H) and the non-phenolic compound is the ethyl ether of hydrocamp- 
nospermonol (II ; R=C,H,); the latter compound has an ultraviolet absorption 
(Amax. 274 my; ¢ 1820) similar to that of hydrocampnospermonol. When the 
same reaction is carried out in methanolic instead of ethanolic hydrochloric 
acid the corresponding reaction products are, after hydrogenation, hydro- 
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campnospermonol and hydrocampnospermonyl methyl ether (II; R=CH,). 
The formation of the alkyl ether apparently involves the formation of a hemiketal 
type intermediate. 


IV. HYDROGENATION PRODUCTS 

Catalytic hydrogenation of V gives a compound, ©,;H,.O;, [«]p +14°, 
which has been shown to be (-+)-3-hydroxy-3-(nonadecan-2’-onyl)cyclohexanone 
(VI). It forms a dioxime, C,;H,,O,N,, apparently with the loss of the elements 
of water, and attempts to prepare ketonic derivatives without loss of the hydroxyl 
group have been unsuccessful. In ethanol, VI has no measurable ultraviolet 
absorption but addition of a little ethanolic potassium hydroxide and very brief 
warming produces a distinct yellow colour, and the solution then shows an 
intense absorption at Amax, 397 my. In the infra-red the presence of hydroxyl 
in VI is shown by a clearly resolved band at 3465 cm~! in a “ Nujol” mull 
and the indication of carbonyl groups by bands at 1707 and 1693 cm~—! (“* Nujol ” 
mull) has already been mentioned. 

Heating VI for a very short time in either ethanolic alkali or acid (in alkali 
the reaction is almost instantaneous) is sufficient to convert it into an acidic 
compound, ©,,;H,,0,, which yields a_ bis-2,4-dinitrophenylhydrazone and a 
dioxime identical with that prepared directly from VI. This compound having 
both acidic and ketonic properties is 3-(nonadecan-2’-onyl)cyclohex-2-enone 
(VII), for it behaves as the vinylogue of a 8-diketone and when heated in aqueous 
sodium hydroxide it yields stearic acid and 3-methyleyclohex-2-enone as the 
major products. Methyl stearyl ketone is produced in this reaction but in lower 
yield together with a small amount of a water-soluble ketonic acid the derivatives 
of which were not obtained in a sufficiently pure state for identification. Com- 
pound VII would be expected to give first dihydroresorcinol as the product 
corresponding to methyl stearyl ketone, but under the experimental conditions 
it would be converted into acetobutyric acid. 

The structure of compound VI was finally established by pyrolysis. Two 
distinct reactions take place when VI is heated, namely, dehydration to the 
unsaturated diketone VII in approximately 70 per cent. yield and fission of the 
molecule to give dihydroresorcinol and methyl] stearyl ketone in approximately 
30 per cent. yield. ‘U'he pyrolysis reaction is similar to the breakdown of V into 
resorcinol and methyl! oleyl ketone although it seems remarkable that V should 
undergo this reaction exclusively instead of dehydrating to the phenol. The 
formation of dihydroresorcinol and resorcinol in this way fixes the position of 
the hydroxyl group in VI and V respectively, provided no rearrangement has 
taken place. 

Catalytic hydrogenation of the unsaturated diketone VII gives as the major 
product, 3-(nonadec-2’-onyl)cyclohexanone (VIII) together with a small amount 
of 1-cyclohexyl-2-nonadecanone (IX) which is evidently formed by the elimination 
of an oxygen atom. The monoketone is assigned the structure IX because it is 
different from 3-nonadecyleyclohexanone, which has also been prepared (Part III 
of this series, Lamberton 1958). There is a considerable difference in the 
reactivity of the two carbonyl groups of VIII and it is presumably the carbonyl 
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of the cyclohexanone ring which is the more reactive. Thus VIII forms a mono- 
semicarbazone and a mono-2,4-dinitrophenylhydrazone, but it is readily shown 
to be a diketone by conversion into a dioxime. To obtain further confirmation 
of the structure of VIII it was also prepared from another source ; high pressure 
hydrogenation of hydrocampnospermonol gives the diol X which is then oxidized 
by chromic acid to the diketone VIII. 


Wolff-Kishner reduction of the saturated diketone VIII gives 1-cyclohexy]l- 
nonadecane (XI). The melting point of the hydrocarbon (42-42 -5 °C) is slightly 
higher than that reported by Strating and Backer (1936) for its nearest homologue 
1-cyclohexyloctadecane (m.p. 41-2-—41-5 °C) and it is apparently identical with a 
specimen of 1-cyclohexylnonadecane synthesized for comparison by conventional 
methods. 


V. CAMPNOSPERMONOL 

When this work was undertaken there seemed to be little doubt that the 
structure originally proposed for campnospermonol was correct. The position 
of the double bond in the aliphatic chain had been decided by Jones and Smith 
(1928) by the isolation of nonoic acid and nonaldehyde together with azelaic 
acid and m-methoxybenzoic acid as oxidation products of campnospermonyl 
methyl ether. However, the formation of oleic acid and m-methoxyphenyl- 
cyanide in the reaction between phosphorus pentachloride and the oximino 
compound derived from campnospermony] methyl ether does not entirely exclude 
the possibility that rearrangement to an isomeric oximino compound precedes the 
Beckmann reaction. 


CH; (CH,)7 CH CH (CH,),CO CH, alee, 


OHOH - 
OCH; 
(XID) 
OH OH OH 
COOH OH 
R R R 
(XID (XIV) (XV) 


The structure of hydrocampnospermonol (IIT; R=H) and consequently 
of campnospermonol is now established by the synthesis of its methyl ether 
from 3-methoxyphenylacetyl chloride and diheptadecyl cadmium, which was 
obtained in the usual way from heptadecy] magnesium bromide. Additional 
proof that the double bond in the aliphatic chain occupies the position originally 
assigned is obtained by converting campnospermony! methyl ether (I; R =(CH;) 
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into the threo-form of the dihydroxy compound XII by performic acid oxidation. 
Periodate oxidation of XII then gives nonaldehyde in good yield. 
Campnospermonol may be regarded ds closely related to the naturally 
occurring phenols which are widely distributed in the family Anacardiaceae, 
and differing mainly from these in possessing a carbonyl group. The structures 
of these phenols have several striking features in common and it has already 
been noted (Birch and Donovan 1953) that they provide an illustration of the 
acetate theory of biogenesis (Birch and Donovan 1953; Robinson 1955). All 
have the fundamental structural unit XIII in which a long aliphatic chain is 
attached meta to the phenolic hydroxyl] group and the long chain always contains 
an odd number of carbon atoms. For example, the phenols of the urushiol type 
from varieties of Rhus toxicodendron, and cardanol and anacardic acid from cashew 
nut-shell liquid (reviewed by Dawson 1954) all have a n-C,, chain, and laccol and 
pelandjauic acid (Bertrand, Backer, and Haack 1939) have n-C,,. In some 
instances, for example, anacardic acid and pelandjauic acid, the carboxyl group 
is retained and they are salicyclic acids of the type XIV. Birch and Donovan 
(1953) suggested that compounds of the unusual o-alkyl catechol type XV, such 
as urushiol, may arise from oxidative decarboxylation of compounds of type XIV. 


Campnospermonol contains an additional acetate unit and in agreement 
with this theory the carbonyl group is at the third carbon from the ring. In 
terms of the acetate theory there is an interesting biogenetic relationship between 
campnospermonol and the optically active compound V which may be the 
precursor of the phenol in the plant. The structure V clearly conforms with the 
acetate rule. 


VI. THE VOLATILE KETONE 

The volatile ketone mainly responsible for the rather pleasant odour of 
Tigaso oil distils from the oil as a forerun at a low temperature under reduced 
pressure. This product was collected from several large-scale distillations, but 
always amounted to less than 0-5 per cent. of the whole oil. It readily yields 
a crystalline semicarbazone which has [«]p +3° after purification by recrystal- 
lization. Oil regenerated from the purified semicarbazone has a low laevo- 
rotation. 

The properties of the purified oil in conjunction with the analyses of the 
derived semicarbazone and 2,4-dinitrophenylhydrazone indicate that it is a 
saturated ketone, C,H,,O. Comparison of its derivatives with those of a synthetic 
specimen of (-+-)-3-methyleyclohexanone shows that the ketone is probably a 
mixture of the (+)- and (—)-forms of 3-methyleyclohexanone in which the 
(—)-form is preponderant. The melting point of the semicarbazone having 
[a]p +3°is undepressed when mixed with the semicarbazone of the synthetic 
(--)-compound and the infra-red absorption spectra of the two compounds are 
closely similar. Adams and Garber (1949) gave the value [«]p +20-8° for the 
semicarbazone of (—)-3-methyleyclohexanone. The occurrence of 3-methyl- 
cyclohexanone has been reported in oil of pennyroyal (Naves 1943), in Japanese 
peppermint oil (Kremers 1921), and as an hydrolysis product of pulegone, but 
in each instance the (+)-isomer was obtained. 
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VII. EXPERIMENTAL 
(a) General 

Microanalyses were carried out in the C.S.I.R.O. Microanalytical Laboratory at the University 
of Melbourne. Melting points are corrected. Ultraviolet absorption spectra were determined 
in ethanol solution and optical rotations in chloroform at 20+2 °C, unless otherwise stated. 
The alumina used for chromatography was Spence, type H, which was neutralized by washing 
with ethyl acetate, dried, and heated to give the required degree of activity. Where it is 
important, the activity of the alumina is specified on the Brockmann scale. In the text, light 
petroleum refers to a fraction of boiling range 40-60 °C, unless it is stated otherwise. The 
equivalent weights of phenolic substances were sometimes determined by potentiometric titration 
in stirred dry butylamine using a standardized solution of sodium methoxide in dry benzene- 
methanol (Fritz and Lisicki 1951). 


(b) Properties of Tigaso il 

Tigaso oil was obtained as a dark reddish brown oil containing suspended droplets of water. 
On standing an aqueous sludge settled out and the oil, which was separated by decantation, was 
then completely soluble in both ether and light petroleum. A specimen after filtration through 
** Filter cel ’’ had dzs 0-9625 ; n2 1-4972; [a]p +6°, an approximate value only as the oil was 
dark ; acid value, 1 ; methoxyl value, nil; acetyl value, 82; saponification value, 75. These 
constants were determined by the standard procedures of the American Oil Chemists’ Society 
but titrations with alkali were followed potentiometrically because of the intense colour of the 
oil in alkaline solution. An ethanolic solution of Tigaso oil gave a purplish colour with ferric 
chloride. When the oil, or a solution of the oil in light petroleum, was shaken with water, the 
water layer did not give a ferric test and left no residue when evaporated. 

It has been found that the substance responsible for the positive ferric chloride test is only a 
very minor component and it still remains to be investigated. The apparent saponification value is 
not due to hydrolysis of an ester but to a more complex reaction of the optically active component 
in alkali which will be discussed in Part II of this series (Dalton and Lamberton 1958). 


Jones and Smith (1928) gave d!5°5 (-9604, ne 1-489; acetyl value, 125; acid value, 17. 


) 
They did not report a ferric test on their original oil but only on the phenol, after treatment with 
alkali and distillation. As they observed, the phenol does not give a distinctive colour with 


ferric chloride. 


(c) Distillation of the Oil 
In a typical experiment, Tigaso oil (83 g), having [«]p -+6°, was distilled at 1 mm and the 
following fractions collected: (i) 140-148 °C, 6-3g; (ii) 148-190°C, 7-l1g; (iii) 190-200 °C, 
5-5 g; (iv) 200-254 °C, 1-6 g¢; (v) 254-265 °C, 40-0 g; (vi) a dark residue which still contained 
some campnospermonol remained in the flask. A small quantity of volatile material distilled 
at a much lower temperature and was collected in a dry-ice trap. 
discussed later. 


This minor fraction will be 


Fraction (i) set to a solid crystalline mass, and gave large colourless needles, m.p. 110-111 °C, 
on crystallization from benzene-light petroleum. This compound did not depress the melting 
point of resorcinol and was identified by its solubility in water, deep blue ferric chloride test and 
preparation of derivatives (Found: C, 65-4; H,5-5%. Cale. for C,H,O,: C, 65-6; H, 5-5%). 

The fraction boiling at 150-200 °C was found to consist almost entirely of an unsaturated 
ketone, C,,H;,0, which on catalytic hydrogenation gave methyl stearyl ketone in high yield. 
The examination of this fraction is described later. 

The fraction boiling at 254-265 °C gave a phenolic titre in butylamine corresponding to that 
of campnospermonol, and on catalytic hydrogenation gave hydrocampnospermonol. The latter 
crystallized from light petroleum in colourless needles, m.p. 70-71 °C, which had Ajax, 273 my, 
¢ 2060 (Jones and Smith (1928) report m.p. 70°C) (Found: C, 80-0; H, 11-3%; CH,O, nil; 
equiv. wt. (in butylamine), 368. Calc. for C,,;H,,O,: C, 80-2; H, 11-°3%; equiv. wt., 376). 
Methylation with diazomethane in ether, or by heating with methyl iodide in acetone over 


anhydrous K,CO,, gave hydrocampnospermonyl methyl ether. Crystallization from ethanol 
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gave colourless needles, m.p. 53-54 °C, having Amax, 274my.; ¢€ 1810 (Jones and Smith (1928) 
report m.p. 54°C) (Found: C, 80-3; H, 11-3; CH,0, 7-8%. Cale. for C,,H,,O,: C, 80-4; 
H, 11-3; CH,0, 8-0% (one methoxyl)). The oxime from hydrocampnospermonyl methyl ether 
melted at 43-5-—44-5 °C (Jones and Smith (1928) report m.p. 43 °C) (Found: C, 77-5; H, 11-5; 
N, 3:4%. Cale. for C.,H,,0,.N : C, 77-4; H, 11-2; N,3-5%). The 2,4-dinitrophenylhydrazone 
from hydrocampnospermonyl methyl ether crystallized in yellow needles, m.p. 66-67 °C from 
ethanol (Found: N, 9:6%. Cale. for C3,H,.O;N,: N, 9-7%). 

Resorcinol was separated quantitatively from the earlier fractions of the distillation by 
extracting it with water. The unsaturated C,,-ketone was then dried and redistilled. The overall 
yields were resorcinol 8% and unsaturated ketone 23%. The distillation of ~ampnospermonol 
was incomplete but the chromatographic analysis of the oil (see later) showed that it amounts to 
about 60% of the oil. 

One specimen of Tigaso oil which initially had an optical rotation of about [a]p +6° was 
examined after it had been kept for a period of 3 years without refrigeration. It was found that 
the optical rotation had fallen to a value of less than [«]p +1° and distillation on a 100 g scale 
gave no detectable amount of resorcinol and only a very smali forerun of about 2 ml before 
campnospermonol (about 65% yield) distilled. Hydrogenation of the lower boiling fraction 
and purification of the product by chromatography on alumina gave methyl stearyl ketone (see 
Section VII (d)) in total yield of about 1%. The ultraviolet absorption of this oil was not 
measured when it was first obtained but after the period of storage it had Am ax, 276 mu ; Ere 
44-4, indicating a higher proportion of phenol than is present in the optically active oil used in 
this study. 

(d) Methyl Oleyi Ketone (III) and Its Reactions 

(i) Methyl Oleyl Ketone.—The intermediate fraction above, boiling at 150-200 °C/1 mm, 
was washed with water to remove resorcinol, dried and redistilled. It boiled over a narrow range 
(158-160 °C at 0-5-1 mm) and appeared to be a uniform compound. At 0 °C it set to a solid 
mass of crystals and readily crystallized from acetone or ethanol at 0 °C in colourless needles 
which melted below room temperature (Found: C, 81-3; H, 12-7%. Cale. for C,H 3,0: 
C, 81-4; H, 12-9%). The re-distilled oil had no significant ultraviolet absorption, and with 
semicarbazide acetate in ethanol it gave a semicarbazone which melted at 98-100 °C, after several 
erystallizations from ethanol (Mitz, Axelrod, and Hofman (1950) record m.p. 101-102 °C for the 
semicarbazone of methyl oleyl ketone) (Found: C, 71-4; H, 11-6; N, 12-5%. Cale. for 
CyH,,ON;: C, 71-2; H, 11-6; N, 12°5%). 

(ii) Methyl Stearyl Ketone.—Catalytic hydrogenation of methyl oleyl ketone in methyl 
acetate over platinum oxide gave methyl stearyl ketone which crystallized in large colourless 
plates, m.p. 56-57 °C from ethanol (Found: C, 80-7; H, 13-7%. Cale. for C,gH;,0: C, 80-8; 
H, 13-6%). It formed an oxime, m.p. 75-5 °C (Found: C, 76-4; H, 13-1; N, 4:9%. Cale. 
for C,,H,,0N : C, 76-7; H, 13-2; N,4+7%), asemicarbazone, m.p. 125-126 °C (Found : C, 71-0; 
H, 12-1; N, 12-5%. Calc. for C.>H,,ON,: C, 70-7; H, 12-2; N, 12-4%), and a 2,4-dinitro- 
phenylhydrazone which crystallized in yellow needles, m.p. 85-86 °C, from ethanol (Found: C, 65-0; 
H, 9-2; N,11-9%. Cale. for C,;,H,.0O,N,: C, 64-9; H, 9-2; N,12-1%). Oxidation of methyl 
stearyl ketone by means of sodium hypoiodite according to the method of Fuson and Tullock 
(1934) gave iodoform, m.p. 119 °C, and stearic acid, which melted at 68°C. The melting points 
given above are in agreement with those recorded in tle literature for methyl stearyl ketone and 
its derivatives. Bergel et al. (1938) report m.p. 57 °C for the ketone, and m.p. 124-125 °C for 
its semicarbazone. Thoms and Vogelsang (1907) report m.p. 55-56 °C tor methyl stearyl ketone 
which they obtained by the action of H,SO, on agaric acid, and m.p. 76-77 °C for its oxime. 

Condensation of stearoyl chloride and ethoxy magnesium malonic ester, according to the 
procedure used by Adickes (1943) for the preparation of palmitoyl melonic ester, gave stearoyl 
malonic ester in 85% yield. It crystallized from ethanol in colourless prisms, m.p. 47-48 °C 
(Found: C, 70-6; H, 10-8%. Cale. for C,;H,O,;: C, 70-4; H, 10-8%). When heated with 
glacial acetic acid-cone. HCl (2:1), stearoyl malonic ester gave a quantitative yield of methyl 
stearyl ketone, identical in its properties and those of its derivatives with those given above. 
There was no melting point depression on mixing corresponding specimens. 
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(iii) Elaidinization.—Warming a specimen of redistilled methyl] oleyl ketone (2-0g) with 
dil. HNO;-NaNO, in the usual way gave a crude product which set to a semi-solid paste of crystals 
at room temperature. After washing with water to remove HNO, the product was crystallized 
from ethanol at 0°C; yield, 1-0g. Several crystallizations from ethanol gave methyl] elaidy] 
ketone (methyl trans-heptadecenyl ketone) as large colourless plates, m.p. 40-41 °C (Found : 
C, 81:5; H, 13-0%. Cale. for C,,H;,0: C, 81-4; H, 12-9%). 

(iv) threo- 10, 11-Dihydroxynonadecan-2-one (IV).—The performic acid hydroxylation method 
described by Swern et al. (1945) was followed, using a solution of methyl oleyl ketone (14 g) in 
formic acid (98%; 50 ml) containing hydrogen peroxide (30% sol.; 7g). The resulting oily 
product was heated with aqueous NaOH, as Swern et al. suggested, and gave the crude crystalline 
dihydroxy compound (12-0g). After drying and repeated crystallization from light petroleum, 
threo- 10, 11-dihydroxynonadecan-2-one (IV) was obtained as colourless prisms, m.p. 71-72 °C 
(Found: C, 73-1; H, 12-2%. Cale. for C\gH;,0,: C, 72-6; H, 12-2%). It gave a 2,4-dinitro- 
phenylhydrazone, which crystallized in yellow needles, m.p. 106-107 °C, from ethanol (Found : 
N, 11-1%. Calc. for C,;H,.O,N,: N, 11-3%). 

(v) erythro-10,11-Dihydroxynonadecan-2-one (IV).—A similar hydroxylation of methyl 
elaidyl ketone by the Swern method gave erythro-10,11-dihydroxynonadecan-2-one. It melted 
sharply at 115-116 °C after crystallization from ethyl acetate (Found: C, 73-0; H, 12-1%. 
Cale. for C,gH;,0,: C, 72:6; H, 12-2%). 

(vi) Periodate Oxidation of threo-I V.—threo-10,11-Dihydroxynonadecan-2-one (1 g) was 
dissolved in ethanol (30 ml) and a solution of potassium periodate (0-8 g) in dil. H,SO, (1N; 
30 ml) was added. The mixture was warmed to 40 °C and kept at that temperature for 10 min, 
with stirring. After dilution with water the products were extracted by light petroleum. The 
residue, after removal of the solvent, was heated with ethanolic 2,4-dinitrophenylhydrazine 
reagent in excess and the resulting mixture of crystalline 2,4-dinitrophenylhydrazones was filtered 
off and dried. The mixed products were dissolved in benzene-light petroleum (1:1) and chromato- 
graphed on alumina (grade V). Benzene eluted nonanal 2,4-dinitrophenylhydrazone (0-6 g). 
It melted at 104-105 °C and this m.p. was undepressed by admixture with an authentic specimen 
(Found: C, 56-1; H, 6-9; N, 17-3%. Calc. for C,,H..0,N,: C, 55-9; H, 6-9; N, 17-4%). 
After elution of the nonanal derivative a broad dark band remained strongly adsorbed on the 
alumina. Chloroform eluted this material but it was not obtained in a pure state. 


(vii) Potassium Permanganate Oxidation of Methyl Oleyl Ketone.—Methy] oleyl ketone (5-0 g) 
was dissolved in dry acetone (500 ml) and the solution heated on a steam-bath while powdered 
potassium permanganate was added at intervals. When decolourization of the permanganate 
became slow the reaction mixture was worked up in the usual way. The resulting mixture of 
acidic products was added to a cold solution of sodium hypobromite, prepared by adding bromine 
(2-4 ml) to cold NaOH (5-3 g) in water (30 ml). The acids dissolved at once ; there was an odour 
of bromoform and some carbon tetrabromide crystallized out. After ether extraction to remove 
bromoform, the solution was acidified by adding sodium bisulphite in excess and then dil. H,SO,. 
The acidic products isolated by ether extraction were warmed in light petroleum, when part was 
dissolved and part remained as insoluble crystalline material. The crystalline material was 
filtered off and twice crystallized from water. This gave azelaic acid (1-0 g) which melted at 
105 °C and gave no melting point depression when mixed with an authentic specimen (Found : 
C, 57-6; H, 8-7%. Cale. for C,H,,0,: C, 57-4; H, 8-6%). The fraction soluble in light 
petroleum was distilled under reduced pressure, giving a colourless oil {1-0 g) which gave an 
anilide, m.p. 55-56 °C. The melting point was unchanged by mixing with the anilide of nonoic 
acid (Found: N, 6-1%. Cale. for C,;H,,ON: N, 6-0%). 


(e) Isolation of the Optically Actiwe Compound by Chromatography 
When Tigaso oil was chromatographed on weak neutral alumina Brockmann (grade V), 
the fractions eluted by light petroleum always contained some campnospermonol. This was 
shown by the isolation of hydrocampnospermonol when these fractions were hydrogenated and 
rechromatographed. By using a stronger neutral alumina (grade III) and dilute solutions of 
Tigaso oil in light petroleum a clear separation was obtained. In a typical chromatogram a 
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solution of Tigaso oil (1-5-2-0g) in light petroleum (150-200 ml) was added to a column 
(20 by 3cm) of grade III alumina. The optically active compound (c. 0-2-0-3 g) was eluted 
by approximately 700-750 ml of light petroleum, but the first 100-150 ml of solution contained 
some volatile ketone with a pleasant smell which passed through the column rapidly and was 
discarded. The separation was followed by evaporating the solvent from the fractions collected 
and measuring the optical rotation of the oil, and also by heating samples under reduced pressure 
and. observing the distillation of resorcinol. 

The fractions eluted by light petroleum from several such chromatograms were combined 
and rechromatographed in the same way. A middle fraction then gave a faintly yellow oil, 
[a]lp +26° (c. 4-2), which consisted mostly of (+-)—5-hydroxy- 5-(nonadec- 1 0’-en-2’-onyl)cyclohex- 
2-enone (V) (Found: C, 77-6; H, 10-8%; active H, 1-3. Cale. for C,;H,,0,: C, 76-9; 
H, 10-8%). The analytical specimen was obtained from a light petroleum fraction from a 
chromatogram by evaporation under reduced pressure without heating. The oil was kept at 
1mm to remove the solvent. The ultraviolet absorption curve (Amax, 224-225my; e 8400) 
is shown in Figure 1. In a liquid film there were infra-red bands at 3436 (asymmetric band of 
moderate intensity), 1709, and 1673 cm-! (strong); 1599 em! (strong); also absorptions at 
1617, 1589, and 1489 cm-! which may be due to an aromatic impurity. In tetrachloroethylene 
(5%; w/v sol.) there were strong bands at 1718 and 1686 cm-*. 

In fractionating Tigaso oil, the optically active compound V was first eluted by light 
petroleum and the campnospermonol afterwards eluted by benzene. Campnospermonol, which 
was obtained in approximately 60% yield, was identified by conversion into hydrocampnosper- 
monol. A’ final elution with chloroform removed a small fraction (4-5%), having a negative 
rotation. This fraction is considered in Part II of this series (Dalton and Lamberton 1958). 


(f) Action of Alcoholic Hydrochloric Acid on V 

A few drops of conc. HC] were added to a solution of V (1-0 g) in ethanol (50 ml) and the 
solution heated on a steam-bath for 10min. Dilution with water and extraction with ether gave 
an oily product which was hydrogenated over platinum oxide in ethanol. When the solvent 
was removed the crude crystalline residue had an absorption maximum at } 273my. This 
material consisted of a mixture of hydrocampnospermonyl] ethyl ether and hydrocampnosper- 
monol. It was readily resolved into its components by chromatography on alumina in the manner 
now to be described. Methanolic HCl under like reaction conditions and subsequent reduction 
gave hydrocampnospermonol and its methyl ether. 

(i) Hydrocampnospermonyl Ethyl Ether—Light petroleum rapidly eluted an alkali-insoluble 
substance which readily crystallized from ethanol in colourless needles, m.p. 51-52 °C, yield 
0-4g. Its ultraviolet absorption spectrum resembled that of hydrocampnospermonol and it had 
Amax. 274, ¢ 1820 (Found: C, 80-8; H, 11-5; OCH;, 7:-6%. Cale. for C,,;H,O,: C, 80-5; 
H, 11-5; OCH,, 7-7% (for one ethoxyl expressed as methoxyl)). An alkoxyl determination 
carried out in the normal manner gave a low result (3-3%), but when repeated with a longer 
period of heating gave the above value. Ethylation of hydrocampnospermonol by heating with 
ethyl iodide in acetone over anhydrous K,CO, gave a substance having identical properties, and 
which showed no melting point depression when mixed with the above compound. 

(ii) Hydrocampnospermonol.—Benzere eluted hydrocampnospermonol (0-5 g) which melted 
at 69-70 °C after recrystallization from light petroleum (Found: C, 80-2; H, 11-3%. Cale. for 
C,;H,.O,: C, 80-2; H, 113%). It was identified by its ultraviolet absorption, mixed melting 
point deterraination, and the preparation from it of hydrocampnospermonyl methyl ether by 
heating with methyl iodide in acetone over K,CO;. The methylated product melted at 53-53-5 °C 
and the melting point was not depressed by mixing with an authentic specimen of hydrocampno- 
spermonyl methyl ether (Found: OCH,, 7-:8%. Cale. for Cys,H,,O,: OCH;, 8-0% (one 
methoxy]l)). 

(g) (+)-3-Hydroxy-3-(nonadecan-2’-onyl)cyclohexanone (VI) 
(i) Hydrogenation of compound V (1-0g) dissolved in methyl acetate (50 ml) over platinum 


oxide gave a crystalline product which was purified by chromatography on neutral alumina 
(grade V). Light petroleum then eluted VJ (0-8g) which after crystallization from light 
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petroleum was obtained as colourless needles, m.p. 61-62 °C; [a]p +13-0° (c, 4-1 in dioxan) 
(Found: C, 76-3; H, 11-9%; mol. wt. (Rast), 395. Calc. for C,;H,,0;: C, 76-1; H, 11-8%; 
mol. wt., 394). There was no significant ultraviolet absorption in neutral solution, but addition 
of a few drops of ethanolic alkali and slight warming produced intense absorption at Amax, 397 my ; 
log ¢ 4:6. The infra-red spectrum showed bands at 1707 and 1693 cm~! in a “* Nujol ”’ mull and 
1721 and 1708 cm-! in tetrachloroethylene (5%; w/v sol.). There were two clearly resolved 
bands at 3465 and 3371 cm~-! (* Nujol” mull). 

Warmed with hydroxylamine hydrochloride in pyridine, VI gave a dioxime which melted at 
92-92-5 °C after crystallization from methanol (Found: C, 73:8; H, 11-4; O, 8-0; N, 6-9%) 
Cale. for C,,H,yO,N,: C, 73:8; H, 11-4; O, 7:9; N, 6-9%). With hydroxylamine 
hydrochloride-pyridine in the cold, VI gave a low-melting mixture of products. 


(ii) It is more convenient to prepare VI on a larger scale by first hydrogenating Tigaso oil 
and then chromatographing the hydrogenated oil as follows : Tigaso oil (63 g) in ethanol (150 ml) 
was hydrogenated at room temperature over platinum oxide. The first rapid absorption of 
hydrogen soon ceased and after 7 hr when 61. of hydrogen had been absorbed the reaction was 
stopped. Removal of the solvent under reduced pressure and crystallization from light petroleum 
(120 ml) gave a crystalline solid (35-6 g) which was then dissolved in light petroleum (400 ml) 
and chromatographed on alumina (grade V; 5 by 50cm). Light petroleum or light petroleum 
containing benzene (1—2% only) then eluted 12-0 g of material which was recrystallized from light 
petroleum (boiling range 60-80 °C ; 70 ml). This gave VI as large colourless plates, m.p. 61-62 °C, 
free from hydrocampnospermonol and having no significant ultraviolet absorption. 

Addition of benzene to the alumina column eluted almost pure hydrocampnospermonol, 
and finally chloroform gave a small amount of a substance having a high melting point and 
negative rotation (see Part II of this series). 


(h) 3-(Nonadecan-2’-onyl)cyclohex-2-enone (VII) 

A hot solution of KOH (1 g) in ethanol (10 ml) was added to a solution of VI (1 g) in ethanol. 
The solution developed a yellow colour at once and after heating for 1 min on a steam-bath it was 
diluted with an equal volume of water. The resulting clear yellow solution was acidified with 
dil. H,SO, and the crystalline solid which separated was filtered off and crystallized from ethanol. 
This gave VII (0-8 g) as colourless prisms, m.p. 61-62 °C, which gave a distinct yellow colour 
with NaOH sol. (Found: C, 79-9; H, 11-8; O, 8-6%; equiv. wt. (by titration in butylamine), 
363. Cale. for C,;H,,0,: C, 80-0; H, 11-7; O, 8-5%; mol. wt., 376). This substance was 
optically inactive and a neutral solution in ethanol had Apa ax. 237 mu, ¢ 11,280. Addition of 
ethanolic KOH caused a shift in the ultraviolet absorption to Ayay, 396-397 mu; e€ 46,650 
(log ¢=4-67). Ina‘ Nujol ’’ mull there were infra-red bands at 1716 cm~! (carbonyl) ; 1662 em-! 
(conjugated carbonyl) ; and 1630 cm-! (C=C double bond conjugated with carbonyl). 

Oximation using pyridine-hydroxylamine hydrochloride at room temperature gave a dioxime 
which melted at 91 °C and gave no depression of melting point when mixed with the dioxime 
of the same melting point prepared directly from VI (Found: C, 74:0; H, 11:3; O, 8-1; 
N, 6:9%). A bis-2,4-dinitrophenylhydrazone from VII was very sparingly soluble in ethanol 
and crystallized from ethyl acetate in orange needles, m.p. 158-160°C (Found: N, 15-:2%. 
Cale. for C3,H,,0,N,: N, 15-2%). 

The preparation of VII from VI was also conveniently carried out by heating for 10 min 
a solution of VI in ethanol containing a few drops of H,SO,. Dilution with water than gave 
erystalline VII. 


(t) Action of Alkali on VI (or VII) 

A suspension of VI (1g), or alternatively VII which gave the same products, in aqueous 
NaOH (5%; 100ml) was heated very gently to avoid frothing and the distillate passed into : 
(1) A solution of 2,4-dinitrophenylhydrazine in aqueous HCl (5%). An immediate turbidity 
was produced and an orange crystalline substance separated. Recrystallization from ethanol 
gave bright red needles, m.p. 174-175 °C (Found: C, 53:9; H, 4-7; N, 18-8%. Cale. for 
C)3;H,,O,N,: C, 53-8; H, 4-8; N, 19:3%). (2) A solution of semicarbazide hydrochloride 
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{1 g) and sodium acetate (1g) in water (10ml). The semicarbazone separated, after about 
10 min, in colourless prisms, m.p. 200-201 °C (decomp.) and was crystallized from ethyl acetate 
(Found: C, 57-3; H, 7-9; N, 25-3%. Calc. for C,H,,;0N;: C, 57-5; H, 7-8; N, 25-1%). 

These derivatives showed no depression of melting point when mixed, respectively, with 
synthetic specimens of the 2,4-dinitrophenylhydrazone and of the semicarbazone of 3-methyl- 
cyclohex-2-enone which was prepared by the method of Smith and Roualt (1943) : lit. 2,4-dinitro- 
phenylhydrazone, m.p. 174 °C (Birch 1947), and semicarbazone, m.p. 199-201 °C (Smith and 
Roualt 1943); 200-202 °C (Birch 1947). Both specimens of 2,4-dinitrophenylhydrazone had 
identical infra-red spectra. 

When the distillate from the reaction between VI and alkali no longer gave a turbidity with 
2,4-dinitrophenylhydrazine reagent (time 6-8 hr), heating was stopped. The neutral material 
not volatile in steam was extracted with light petroleum (i), and the remaining alkaline solution 
was then acidified to liberate a crystalline acid (ii). 


(i) Methyl Stearyl Ketone.—When the neutral products were chromatographed on alumina, 
light petroleum eluted methyl stearyl ketone (70 mg) which crystallized in colourless plates from 
methanol. It melted at 55-56 °C and there was no melting point depression on mixing it with 
an authentic specimen of methyl stearyl ketone (Found: C, 80-7; H,13-7%. Cale. for C,,H,,0 : 
C, 80-8; H, 13-6%). 


(ii) Stearic Acid.—The acidic products were dried and esterified by heating in dry methanol 
containing a trace of conc. H,SO,. The crystalline ester was eluted by light petroleum when it 
was chromatographed on alumina. Crystallization from light petroleum gave colourless plates, 
m.p. 38-38-5 °C (550 mg), and this melting point was unchanged when the specimen was mixed 
with methyl stearate (Found: C, 76-7; H, 12-9; OCH,, 9-7%. Cale. for C,,H,,0,: C, 76-5; 
H, 12-8; OCH;, 10-4% (for one methoxyl). Saponification of the ester gave stearic acid (m.p. 
and mixed m.p. 68-69°C) (Found: C, 76-3; H, 12-8%. Cale. for C,,H,;,0,: C, 76-0; 
H, 12-8%). 


(j) Pyrolysis of VI 
Hydroxydiketone VI (700 mg) was heated in a small distilling flask under reduced pressure 
(2mm). It melted and decomposition set in before its boiling point was reached. A volatile 
liquid which distilled out of the melt and crystallized on the cooler parts of the flask was driven 
over into the side-arm by careful heating. The crystalline material was collected from around 
the outlet of the flask and warmed with little light petroleum which rapidly dissolved part of the 
distillate, but the remainder was very sparingly soluble. 


(1) Dithydroresorcinol.—The insoluble portion was crystallized from benzene-light petroleum 
and finally from benzene. It gave colourless prisms, m.p. 102-103 °C, and had Amax. 253 mu, 
¢ 22,000 in neutral and A;ax, 280 my in alkaline solution. With aqueous ferric chloride a purple 
colour was produced. The melting point was not depressed by mixing with a specimen of dihydro- 
resorcinol prepared by hydrogenating resorcinol under the conditions described by Meek, Turnbull, 
and Wilson (1953) (Found: C, 64-4; H, 7-3%. Cale. for C,H,O,: C, 64-3; H, 7-1%). 

The material recovered from the benzene and benzene-light petroleum mother liquors was 
dissolved in a few drops of water, the solution filtered, and a drop of formalin added. The solution 
immediately became turbid and the oil which separated at first readily crystallized. Recrystal- 
lization from aqueous alcohol gave colourless crystals, m.p. 132-132-5 °C, with slight sintering 
above 130°C. The product obtained from synthetic dihydroresorcinol and formaldehyde melted 
at 132-133 °C, also with slight sintering, and the two specimens, when mixed, melted at 132-133 °C. 
For the condensation product of dihydroresorcinol and formaldehyde, King and Felton (1948) 
give m.p. 134°C and Vorlinder and Kalkow (1899), 132-133 °C. 


(2) Methyl Stearyl Ketone and VII.—When the distillation was resumed all the material in 
the flask distilled cleanly at a higher temperature. The ultraviolet absorption of the distillate 
indicated the presence of the unsaturated ketone VII and the total distillate was therefore dissolved 
in ethanol and ethanolic KOH added. The yellow solution was at once diluted with water and 
extracted with ether. 
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Acidification of the alkaline solution then gave VII (450 mg) as colourless crystals, m.p. 
60-61 °C. It was identified by mixed melting point determination, its ultraviolet absorption 
spectrum, and by preparation of its 2,4-dinitrophenylhydrazone. 

The ether extracts were evaporated and the crystalline residue was combined with the light 
petroleum soluble fraction from the first distillate. When the combined fractions were chromato- 
graphed on alumina light petroleum eluted methyl stearyl ketone, m.p. 55-56°C. It was 
identified by mixed melting point determination and preparation of its semicarbazone and 
2,4-dinitrophenylhydrazone. 


(k) Catalytic Hydrogenation of VII 
The mixture of products obtained by hydrogenating VII in ethanol over platinum oxide 
catalyst was chromatographed on alumina (grade V) and readily separated into two components : 


(i) 1-cycloHexyl-2-nonadecanone (IX).—Light petroleum eluted 1-cyclohexyl-2-nonadecanone 
(0-1 g) which crystallized in well-defined plates, m.p. 53-54 °C, from ethanol. A mixture with a 
specimen of 3-nonadecyleyclohexanone (m.p. 55-56 °C) gave a marked melting point depression 
(Found: C, 82-5; H, 13-4%. Cale. for C,;H,,0: C, 82-4; H, 13-2%). The ketone IX 
gave a 2,4-dinitrophenylhydrazone which crystallized from ethanol in yellow needles, m.p. 73—75 °C 
(Found: N, 9:9%. Cale. for C;,H;,0,N,: N, 10-3%). 


(ii) 3-(Nonadecan-2’-onyl)cyclohexanone (VIII).—Benzene-light petroleum eluted substance 
VIII (700 mg) which gave colourless needles, m.p. 64-65 °C, on crystallization from ethanol 
(Found: C, 79-2; H, 11-8%. Cale. for C,;H,,O,: C, 79-4; H, 12-2%). It had no significant 
ultraviolet absorption. With semicarbazide acetate in ethanol it gave a monosemicarbazone 
which was sparingly soluble in ethanol. Crystallization from ethanol gave colourless prisms, 
m.p. 159-160 °C (Found: C, 71-7; H, 11-3; N, 8-8%. Calc. for Cy,HyO,N;: C, 71-7; 
H, 11-3; N, 9-7%). The mono-2,4-dinitrophenylhydrazone, orange prisms from ethanol, m.p. 
116-117 °C (Found: N, 10-4%. Cale. for C3;,H;90;N,: N, 10-0%). The dioxime was prepared 
by keeping a solution of VIII and hydroxylamine hydrochloride in pyridine overnight and then 
heating for 1 hr on a steam-bath. Crystallization from ethanol gave colourless needles, m.p. 
89-90 °C (Found: C, 73-5; H, 11-7; N, 6-6%. Cale. for C,,H,,O,.N,: C, 73-5; H, 11-8; 
N, 6:9%). 


(l) 1-cycloHexylnonadecane (XI) 

(i) The semicarbazone of VIII (150 mg), or alternatively VIII itself, was added to diethylene 
glycol (30 ml) in which sodium (1-0 g) had previously been dissolved and excess hydrazine hydrate 
added. After heating for 10 hr, the crude product was isolated in the usual way and chromato- 
graphed on alumina (grade V). Light petroleum rapidly eluted XI which crystallized easily and 
was sparingly soluble in hot ethanol. Crystallization from benzene-ethanol gave glistening 
plates, m.p. 42-42-5 °C ; yield 100 mg (Found: C, 85-6; H, 14-3%. Cale. for C,;H5,: C, 85-7; 
H, 14-3%). 

A method similar to that used by Mikeska, Smith, and Lieber (1938) for the preparation of 
1-cyclohexyloctadecane was applied to obtain a synthetic specimen of XI. Under the conditions 
described by these authors for the Friedel-Craft reaction, phenyl n-octadecyl ketone was prepared 
from nonadecanoyl chloride. After purification by chromatography and crystallization from 
benzene-ethanol it melted at 62-63 °C (Found: C, 83-9; H,11:7%. Cale. for C,;Hy,O: C, 83-7; 
H, 11-8%). The ketone gave a 2,4-dinitrophenylhydrazone which crystallized in reddish orange 
prisms from ethanol, m.p. 99-101 °C (Found: C, 69-5; H, 8-6; N,10-3%. Cale. for C,,H,,0,N,: 


C, 69-4; H, 8-2; N, 10-1%). The low-melting product obtained by Wolff-Kishner reduction of 


phenyl octadecyl ketone was not purified but immediately hydrogenated under the conditions 
given by Mikeska, Smith, and Lieber to reduce the aromatic ring. The crude product was then 
chromatographed on alumina and finally crystallized several times from benzene-ethanol. Synthetic 
1-cyclohexylnonadecane melted at 41-42 °C and gave no melting point depression when mixed 
with the compound derived from the Tigaso oil substance (Found: C, 85-8; H, 14-4%). 
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(m) Preparation of VIII from Hydrocampnospermonol 

(i) Hydrogenation of Hydrocampnospermonol.—Hydrocampnospermonol (10g) was hydro- 
genated under pressure (2000-2500 Ib) at 130 °C in the presence of Raney nickel (4 g) and a little 
ethanol. After 8hr, ethanol was added and the solution filtered through a thin layer of 
alumina to remove catalyst. Aqueous NaOH (10%) was added to the ethanolic solution and 
the oil which separated was extracted by light petroleum. The light petroleum solution was 
washed with water and the crude product isolated. It readily gave gels in organic solvents but 
it was eventually crystallized from light petroleum. After further recrystallization the diol X 
melted at 45-5—46 °C and had no measurable ultraviolet absorption, yield 7-0 g (Found: C, 78-8; 
H, 13-3%. Cale. for C,,H;,0,: C, 78-5; H, 13-1%). The absence of carbonyl groups from X 
was shown by its failure to form ketonic derivatives. After prolonged heating with hydroxylamine 
hydrochloride-pyridine, the crude recovered product contained no nitrogen and was shown to be 
unchanged starting material. 

(ii) Chromic Acid Oxidation of the Diol X.—To a solution of the diol (1-0 g) in glacial acetic 
acid (30 ml) was added chromic acid (0-55 g) in water (0-5 ml) and the mixture allowed to stand 
overnight. The crude product was chromatographed on alumina (grade V) and the fraction 
eluted by benzene was crystallized from ethanol. This gave the diketone VIII as colourless 
needles, m.p. 64-65 °C, which gave no melting point depression when mixed with the material 
prepared previously by catalytic hydrogenation of VII. The semicarbazone, m.p. 159-160 °C 
(Found: C, 71-9; H, 11-4; N, 9-8%. Calc. for C,,H,O,N;: C, 71-7; H, 11-3; N, 9-6%) 
and the dioxime, m.p. 88-89-5 °C, were also identical with those prepared previously. 


(n) Synthesis of Hydrocampnospermonyl Methyl Ether 
3-Methoxyphenylacetic acid was prepared from 3-methoxybenzyl bromide through the 
nitrile. It melted at 66-67 °C (Pschorr (1912) reports m.p. 67 °C), after crystallization from 
water and distillation, and was converted into the acyl chloride by heating with thionyl chloride 
in dry benzene. Heptadecyl bromide was prepared in 80% yield from dry silver stearate by the 
Hunsdiecker method as described by Bergstrom et al. (1952). Cason’s (1947) method was followed 
for the preparation of the alkyl cadmium. 

Heptadecyl bromide (6-2 g) was added to magnesium (0-47 g) in dry ether (50 ml). The 
reaction which started at once became very slow and was completed by heating for 2hr. Dry 
cadmium chloride (2-1 g) was then added and the reaction mixture refluxed to produce the 
cadmium alkyl. After distilling the ether and replacing it by dry benzene, a solution of the 
freshly distilled acid chloride prepared from 3-methoxyphenylacetic acid (2-6 g, i.e. 80% of the 
calc. amount as Cason (1947) recommends) was added in dry benzene. The mixture was stirred 
and heated to complete the reaction. 

When the crude mixture of reaction products was isolated in the usual way, a portion was 
found to be sparingly soluble in bot ethanol. This material was easily crystallized from benzene- 
ethanol and gave colourless plates, m.p. 73-73-5°C. This melting point is in agreement with 
that reported in the literature (Garner, Bibber, and King (1931) give m.p. 72-4 °C) for tetra- 
triacontane, an expected by-product (Found: C, 85-4; H, 14-8%. Cale. for C,H): C, 85-4; 
H, 14-5%). 

The remaining material which dissolved easily in hot ethanol and separated on cooling was 
purified by chromatography on alumina (grade V). Several fractions, eluted by light petroleum, 
were collected. The earlier ones were less pure and contained some of the hydrocarbon by-product 
but the latter fractions (combined 1-1 g) gave pure hydrocampnospermonyl methyl ether, m.p. 
53-54 °C, after crystallization from ethanol (Found: C, 80-5; H, 11-4; OCH;, 7-9%. Cale. 
for C.,H,,O,: C, 80-4; H, 11-3; OCH;, 7-9% (one methoxyl)). The synthetic and natural 
compounds had the same ultraviolet absorption spectra. The synthetic 2,4-dinitrophenyl- 
hydrazone crystallized from ethanol in yellow needles, m.p. 66-67 °C (Found: N, 9-8%. Cale. 
for C,.H,,0;N,: N, 9°7%). The oxime was prepared by using pyridine-hydroxylamine hydro- 
chloride at room temperature, and crystallized from slightly aqueous ethanol. It gave colourless 
needles, m.p. 42-42-5 °C (Found: N, 3-7%. Cale. for C,,H,,O,.N: N, 3-5%). There was no 
melting point depression when each of the derivatives was mixed with the corresponding derivatives 
from natural hydrocampnospermonyl methyl ether. 
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(0) Hydroxylation of Campnospermonyl Methyl Ether 

Campnospermonyl methyl ether was hydroxylated by the performic acid method of Swern 
et al. (1945). The crude crystalline product was crystallized several times from light petroleum, 
and the threo-dihydroxy compound then melted at 61-62 °C (Found: C, 74-5; H, 10-7; OCHs,, 
7°5%. Cale. for C,,H,,0,: C, 74:3; H, 10-5; OCH;, 7-4% (one methoxyl)). 

Oxidation of the threo-dihydroxy compound with periodate (cf. Section VII (e) (iv)), and 
steam distillation of the products gave nonanal which was identified as its 2,4-dinitropheny]- 
hydrazone (m.p. and mixed m.p. 104-105 °C). 


(p) Volatile Ketone from Tigaso Oil 

When Tigaso oil was distilled under reduced pressure (see Section VII (c)) a small amount of 
volatile material distilled at a low temperature and was collected in a dry-ice trap. This fraction 
amounted to only about 0-5% of the oil, but it had a very pronounced and rather pleasant odour 
and appeared to be largely responsible for the odour of Tigaso oil. The volatile oil was first 
purified by steam distillation and then converted into a crystalline semicarbazone which was 
crystallized several times from ethyl acetate. It was finally obtained as colourless prisms, m.p. 
181-182 °C, having [«]p +3° (c, 3-0) (Found: C,57-1; H,9-0; N,24-1%. Cale. for C,H,,ON; : 
C, 56-8; H, 8-9; N, 24-8%). The melting point of the semicarbazone was not depressed by 
mixing it with a specimen of the semicarbazone of (-+)-3-methylcyclohexanone, m.p. 182-183 °C, 
prepared by chromic acid oxidation of 3-methyleyclohexanol, and the two samples had the same 
infra-red absorption spectrum, although both the infra-red spectra were slightly different from 
that reported by Davison and Christie (1955). Adams and Garber (1949) reported m.p. 
183-183-5 °C and [«]p +20-8° for the semicarbazone of the (—)-isomer. The highest melting 
point reported in the literature for the semicarbazone of the (-+)-isomer is 191-192 °C (Davison 
and Christie 1955). 

The oil recovered from the semicarbazone did not give an iodoform test and had a slight 
negative rotation (not measured accurately). It gave a 2,4-dinitrophenylhydrazone as yellow 
plates from ethanol, m.p. 143-145°C (Found: C, 53-3; H, 5:5; N, 18-8%. Cale. for 
C\3H,,0,N,: C, 53-4; H, 5-5; N, 19-2%). When mixed with a specimen of the 2,4-dinitro- 
phenylhydrazone of synthetic (-+)-3-methyleyclohexanone, m.p. 153-5—155 °C, the mixture melted 
at an intermediate temperature. 
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STUDIES OF THE OPTICALLY ACTIVE COMPOUNDS OF 
ANACARDIACEAE EXUDATES 


Il, THE ACTION OF ALKALI ON THE LONG-CHAIN ALICYCLIC KETO ALCOHOL 
OF TIGASO OIL 


By L. K. DALTON* and J. A. LAMBERTON* 
[Manuscript received September 30, 1957] 


Summary 

In cold alcoholic alkali the optically active compound I from Tigaso oil undergoes 
a rapid reaction which involves loss of its conjugated carbonyl system, and a large 
change, with inversion, of its optical rotation. The reaction is interpreted as a cyclization 
and the product is provisionally formulated as a bicyclononane derivative IIa. In hot 
alcoholic alkali, IIa is not the final product ; the bicyclic compound undergoes further 
reaction to give a mixture in which the unsaturated monocyclic triketone VII (R =C,,H3,) 
appears to predominate, but which probably consists of a mixture of VII and VIII 
(R=C,,H;,). These can be hydrogenated to a mixture of saturated monocyclic 
triketones VII and VIII (R=C,,H;;). The same hydrogenated triketones are obtained 
if Ila is first hydrogenated and then heated with alcoholic alkali. These triketones are 
optically active and by oxidation with hypobromite, or with permanganate and then 
hypobromite, yield bromoform and the chemically homogeneous tribasic acid IX, 
which still retains optical activity. The isolation of the saturated hydroxydiketone 
IIb in 4 per cent. yield from hydrogenated Tigaso oil suggests that Ila is present to 
that extent in the original oil. 


I. INTRODUCTION 

On the basis of the chemical evidence put forward in Part I of this series 
(Dalton and Lamberton 1958) it was considered that the compound responsible 
for the optical activity of Tigaso oil is most probably (-+)-5-hydroxy-5-(nonadec- 
10’-en-2’-onyl)cyclohex-2-enone (I). This compound I, which has [«]p +26°, 
is very sensitive to the action of alkali and in cold alcoholic alkali it undergoes a 
rapid reaction involving inversion of its optical rotation. The product of this 
reaction is a viscous neutral oil IIa, having a negative rotation, [«]p —15°, and 
no significant ultraviolet absorption. It is therefore apparent that in producing 
IIa the conjugated carbonyl system of I which gives rise to the absorption 
maximum at A 224my is eliminated. In hot alcoholic alkali the neutral 
substance Ila is rapidly converted into an optically active acidic substance, 
soluble in aqueous sodium bicarbonate and having Amax. 256 my in neutral 
solution, and an intense absorption at Amax, 282 my in alkaline solution. This 
change of the ultraviolet absorption in alkali is characteristic of a §-diketone. 

As shown in Figure 1, the reactions in alkali may be followed spectro- 
photometrically. The addition of a few drops of alcoholic alkali to an alcoholic 
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solution of I causes the immediate disappearance of the peak at ) 224 mu due 
to the conjugated carbonyl system, and the shape of the absorption curve in 
cold alkali then closely resembles that of hydrocampnospermonol in alkali, but 
the lower intensity indicates only partial conversion into a phenol. When the 
solution in aleoholic alkali is heated for only a few minutes an intense absorption 
maximum develops at A 282 mu. 


300 


**e05. 


200 


E,cm 150 
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Fig. 1.—Ultraviolet absorption spectra. 
(a) Optically active compound I in ethanol. 
(6) Compound I in ethanolic alkali. 
(c) Compound I in ethanolic alkali after refluxing for 1 min 


and cooling. 
. t ooling 


II. THE STRUCTURE OF THE REARRANGEMENT PRODUCT 
Catalytic hydrogenation of the neutral oil IIa, formed by the action of cold 
ethanolic alkali on I gives a substance C,;H,,0, (IIb), [a]p —20-5°, melting 
considerably higher (105-106 °C) than any of the previously described substances 
from Tigaso oil. In agreement with the spectroscopic measurements which 


show infra-red bands at 1700 and 1710 em- (“* Nujol ” mull), two of the oxygen 
E 
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functions of substance IIb are present as carbonyl groups, for it readily gives a 
dioxime and a bis-2,4-dinitrophenylhydrazone. Although IIb could be neither 
acetylated nor benzoylated under normal conditions, the presence of the third 
oxygen as an hydroxyl group can be inferred from the infra-red band at 3490 em-}, 
and this is supported by an active hydrogen determination which gives a value 
of 1-3. Acetylation under more drastic conditions using perchloric acid as a 
catalyst yields a triacetate which is presumably formed by conversion of the 
carbonyl groups into their enol acetates. The hydroxyl group, which is con- 
sidered to be tertiary on account of its resistance to acetylation, proved to be 
surprisingly difficult to eliminate under acidic conditions. 

Heating the saturated hydroxydiketone IIb with ethanolic alkali brings 
about a second optical inversion and the product which melts at 107-110 °C 
appears to be a mixture of isomeric (-diketones, having a positive rotation. 
Alternatively, the same high-melting product may be obtained by heating the 
viscous oil IIa with ethanolic potassium hydroxide and then hydrogenating the 
unsaturated acidic product first formed. In each instance the product has 
properties typical of a 8-diketone ; it is soluble in sodium bicarbonate solution 
and has Amax. 256 my, ¢ 12,000 in neutral, and Amax, 282 My; ¢ 21,000 in alkaline 
solution. The product melting at 107-110 °C is apparently a mixture ; although 
it has not been resolved by chromatography, prolonged fractional crystallization 
finally gives a pure substance ©,;H,,0,, which melts at 122-123 °C. This 
purified material readily gives a methyl ether (Amax. 247 mu; ¢€ 14,700) with 
diazomethane and the formation from it of a trioxime indicates the presence of 
three distinct carbonyl groups. 

It is well known that 1,5-diketones readily undergo cyclization in alkali to 
form cyclohexenones : Fargher and Perkin (1914) showed that heptane-2,6-dione 
gave 3-methylceyclohex-2-enone, and a further example is found in the preparation 
of isophorone by Pringsheim and Bondi (1925). In the present instance, however, 
the properties of IIa are more adequately explained if cyclization occurs by 
addition of the third long-chain carbon from the ring of I to the double bond of 
the unsaturated carbonyl system. Assuming this mechanism for the reaction, 
the neutral oil produced by the action of alkali on I would have the bridged-ring 
structure of formula IIa given below, and its hydrogenation product would be 
the corresponding dihydro derivative IIb. The formation of a similar ring 
system has been observed by Rabe and Appuhn (1943) who found that the 
initial condensation product III from ethyl acetoacetate and 3-methyleyclohex- 
2-enone in the presence of sodium ethoxide undergoes cyclization to the bicyelo- 
nonane derivative IV. A structure such as IIb for the hydroxydiketone would 
account for its properties ; an hydroxy] group at a bridgehead position is difficult 
to eliminate as Rabe and Appuhn observed with their compound IV. 

A reaction closely analogous to the one postulated above is found in the 
recent approaches to a partial synthesis of aldosterone by Barton, Campos-Neves, 
and Scott (1957). In the presence of 0-2N ethanolic potassium hydroxide at 
room temperature the diketone represented by partial formula V is cyclized to 
18-benzylidene-38-hydroxy-4-iso-17-isoallopregnane-11,20-dione (partial formula 
VI), and these authors show that the stereochemistry of the cyclization is con- 
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trolled by the configuration at C,,. This reaction also proceeds by the addition 
of a methylene group adjacent to carbonyl in an aliphatic chain to a cyclic 
conjugated carbonyl system. 


OH 


CH.,(CH,)7CH=CH (CH,)-COCH, Pe | — CH, 
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There are two isomeric $-diketones, namely VII and VIII (R=C,,H,,), 
which could be formed from IIb by a reverse aldol reaction in the presence of 
alkali, and the corresponding unsaturated §-diketones VII and VIII 
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(R=C,,H3,) could be formed similarly from IIa. It seems probable that in each 
instance the crude reaction product contains both possible isomers but the 
isomer of structure VII is predominant. The purified saturated compound of 
higher melting point obtained by fractional crystallization apparently has 
structure VII for it yields methyl stearyl ketone on pyrolysis and it is difficult 
to explain the formation of methyl stearyl ketone from VIII except by some 
complex change. It seems that VII must be the major component of the original 
product before fractional crystallization because both crude and purified material 
give similar yields of methyl stearyl ketone on pyrolysis and both have approxi- 
mately the same optical rotation. Moreover, the failure to isolate acetone as a 
pyrolysis product of the original product suggests that VIII, if present, is only a 
minor component. The optical activity of the @-diketone VII ([a]p +11°) 
is explained by the production of two new asymmetric centres in the cyclization 
of I to give Ila. In the formation of VII one of these centres loses its asymmetry 
but the other is still retained. 

The chief evidence for the structure of the saturated 6-diketone VII comes 
from a study of the sodium hypobromite oxidation which converts both the 
crude initial product and the compound purified by crystallization into the same 
tribasic acid, C,,H,.0,, which has a small positive rotation. The same acid is 
obtained if the oxidation is carried out in two stages: first by oxidizing with 
potassium permanganate in acetone, and then with sodium hypobromite. In 
this acid two of the carboxyl groups are presumably formed by oxidation of the 
8-diketone system and the third from the CH,CO group. It is hoped that further 
work will establish conclusively the structure of this acid which is provisionally 
considered to be «-hexadecyl-6-carboxymethylglutaric acid (IX). The stability 
of IX in hot acetic acid-sulphuric acid mixture excludes the possibility of a 
malonic acid type of structure, and in giving a strong fluorescein test IX resembles 
succinic and glutaric acid. When the acid IX is heated with thionyl chloride or 
acetyl chloride, anhydride formation evidently takes place, for the product 
reacts with ammonia to give a diamido acid, and with aniline to give a dianilic 
acid. This behaviour agrees with the formulation of the acid as IX, which may 
be regarded as a substituted methanetriacetic acid, for similar behaviour has 
been observed by Ingold (1921) in methanetriacetic acid itself. The acid IX 
was further characterized by the formation of a trimethyl ester which is reduced 
by lithium aluminium hydride to a substance C,,H,,O3. 

Heating the purified saturated @-diketone (m.p. 122-123 °C) or the original 
product (m.p. 107-110 °C) causes decomposition to methyl stearyl ketone ; 
in this reaction the yield of methyl stearyl ketone was generally as high as 50 per 
cent. of the theoretical amount. A compound having structure VII should 
also yield resorcinol on pyrolysis, but none was detected and no satisfactory 
explanation is advanced for its absence. Under similar conditions the methyl 
ether of the purified -diketone, prepared by methylation with diazomethane, 
is quite stable and distils without decomposition. Prolonged heating of the 
6-diketone in aqueous alkali gives a complex mixture of products which were 
not separated : this is not surprising because the initial product formed by the 
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breakdown of VII would be a 1,5-diketone likely to undergo further cyclization 
reactions in alkali. 

Usually one of the carbonyl groups of a $-diketone may be conveniently 
removed by first preparing a chloroketone by heating with phosphorus trichloride 
in chloroform (Crossley and Le Sueur 1903), and then reducing the chloro 
compound over palladium catalyst. A recent example of the use of this method 
is the preparation of 2-isopropyleyclohexanone from 2-isopropyleyclohexane-1,3- 
dione by Bardhan, De, and Datta (1951). When applied to the purified 
8-diketone of melting point 122-123 °C this method gives a compound C,;H,,O,, 
showing that one oxygen is in fact eliminated. This compound forms a mono- 
semicarbazone C,,H,,O,N;, isomeric with the monosemicarbazone of 3-(nonadecan- 
2'-onyl)cyclohexanone (see Part I), but not identical with it. 

When Tigaso oil is chromatographed on alumina (see Part I) a strongly 
adsorbed fraction is retained on the column after elution of campnospermonol 
by benzene. The strongly adsorbed fraction is eluted by chloroform and consists 
of a viscous oil which on catalytic hydrogenation gives the hydroxydiketone IIb. 
The saturated compound IIb is obtained in almost the same yield (4 per cent.) 
by first hydrogenating Tigaso oil and then chromatographing the reduced oil. 
When this is done IIb is retained on the alumina and finally eluted in a fairly 
pure state by chloroform. The same substance IIb is also obtained in 4—5 per 
cent. yield by hydrogenating and then chromatographing a specimen of Tigaso 
oil which after prolonged storage retained little optical activity. The isolation 
of IIb from hydrogenated Tigaso oil indicates that Ila is present to that extent 
in the oil. 


III. EXPERIMENTAL 
(a) General 


As in Part I of this series (Dalton and Lamberton 1958). 


(b) Action of Cold Ethanolic Alkali on I 

A solution of KOH (1 g) in ethanol (20 ml) was added to a solution of substance I (1 g) in 
ethanol (20 ml) cooled in an ice-bath. After 5 min the reaction mixture while still kept cold 
was diluted with water and extracted with ether. Evaporation of the ether gave Ila as a viscous 
oil (0-45 g) having [«]p —15° (c, 4-2) and no significant ultraviolet absorption in neutral solution. 
Addition of alkali to a dilute solution in ethanol and warming for 1-2 min gave a solution which 
showed strong absorption at Amay. 282 mu; ¢ 14,200. In a “ Nujol” mull, [la showed infra-red 
bands at 1716 cm~-! (carbonyl) and 3410 cm~-! (hydroxyl). In carbon tetrachloride solution the 
bands appeared at 1719 and 3410 cm~!. 

Catalytic hydrogenation of IIa in methyl acetate over platinum oxide gave IIb, which 
crystallized in colourless prisms, [«]p —20° (c, 2-1), from benzene-light petroleum or carbon 
tetrachloride. It melted sharply at 105-106 °C and had no significant ultraviolet absorption 
in neutral solution but on warming in ethanolic alkali a peak developed at A 282 mu; e 17,900 
(Found: C, 76-5; H, 11-3; O, 12-2%; mol. wt., (Rast) 393; 397 (ebullioscopic method of 
Menzies and Wright 1921). Calc. for C,,H,,0,: C, 76-5; H, 11-3; O, 12-2%; mol. wt., 392). 
The value found in an active hydrogen determination was 0-33%, giving a value of 1-3 for mol. 
wt. 392. There were infra-red bands due to carbonyl at 1700 and 1710 cm-! (“* Nujol” mull) ; 
1704 and 1720 em-? (in chloroform), and 1720, 1718 cm~! (carbon tetrachloride). The hydroxyl 
band was at 3490 cm? (“ Nujol” mull) and 3505 em~! (carbon tetrachloride). 

A suspension of IIb in pyridine containing hydroxylamine hydrochloride was warmed to 
give a clear solution and allowed to stand for 3hr. The resulting dioxime crystallized from 
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benzene-light petroleum in colourless prisms, m.p. 138-140°C (Found: C, 71-1; H, 11-0; 
N, 6-5%. Calc. for C,;H,,O;,N,: C, 71-1; H, 10-9; N, 6-6%). 

The bis-2,4-dinitrophenylhydrazone from IIb crystallized in yellow needles, m.p. 160-161 °C 
with some previous sintering and decomposition (Found: N, 14:3%. Cale. for C,,H;,0,N,: 
N, 14-99%). 

The hydroxydiketone IIb is resistant to mild oxidation but heating with potassium per- 
manganate in acetone gave a low yield of an acidic product which melted at about 55-56 °C 
and had an equiv. wt., 271 ; it was not purified (Found: C, 74-7; H, 12-5; O,12-5%). Heating 
IIb with ethanolic H,SO, or formic acid (98%) gave mostly unchanged starting material. The 
melting point of the recovered IIb was somewhat low (m.p. 98-102 °C) after heating for 5 hr 
in formic acid, but analysis indicated no loss of oxygen (Found: C, 76-3; H, 11-1%). Attempts 
to prepare an «-naphthylurethane or a benzoate from IIb were unsuccessful and heating in acetic 
anhydride-pyridine solution gave unchanged IIb. When IIb was dissolved in acetic anhydride 
containing a drop of perchloric acid and allowed to stand for 5 hr the product was readily soluble 
in light petroleum and had slight ultraviolet absorption. Crystallization from slightly aqueous 
ethanol gave a triacetate as colourless needles, m.p. 66-67 °C (Found: C, 71-8; H, 9-7; CH,CO, 
24-0%. Cale. for C;,H;,0,: C, 71-8; H, 9-6: CH,CO, 24-8% (for three acetyl groups). 


(c) B-Diketones (probably VII and VIII) 


(i) The saturated hydroxydiketone IIb (1 g) was warmed in ethanolic KOH (5% solution ; 
20 ml) for 4—5 min on a steam-bath, and the solution then diluted with water. The clear solution 
was acidified with dil. H,SO, and the crystalline precipitate filtered or extracted with ether. 
Crystallization from benzene-light petroleum, or ethyl acetate, gave colourless prisms, m.p. 
107-110 °C, [a]p +9° (c, 1-1), which had Amax, 256 mu; ¢ 12,000 in neutral solution and Amax. 
280 mu; ¢ 21,000 in the presence of alkali. Yield, 0-8 g (Found: C, 76-3; H,11-4%. Cale. for 
C.5H,,0O,: C, 76-5; H, 11-3%). 


(ii) Alternatively, the unsaturated hydroxydiketone Ila was heated with ethanolic KOH 
as in (i) above and the oily acidic product hydrogenated in methyl acetate over platinum oxide 
until rapid absorption of hydrogen ceased. The product, after recrystallization, melted at 
107-110 °C, gave no melting point depression when mixed with the material of the same melting 
point described above, and appeared to be identical with it. 

The material melting at 107-110 °C gave a strong iodoform test, and yielded a low melting 
product on acetylation. Oximation gave a derivative which appeared to be a mixture, melting, 
not sharply, at 58-61 °C after recrystallization from aqueous ethanol (Found: N, 9-4%. Cale. 
for C,,H,,O;N;: N, 9:6%). 


(iii) The material melting at 107-110 °C could not be separated chromatographically, but 
repeated crystallization of a large sample (20g) from benzene-light petroleum and from ethyl 
acetate gave a substance (3g) which melted at 122-123 °C and had [a]p +12° (c, 0-8). This 
purified compound, which was probably the B-diketone VIT, had Aj. 256; ¢ 12,000 in neutral, 
and Amax, 282 mu; ¢ 21,400 in alkaline solution (Found: C, 76-7; H, 11-3; O, 12-3%. Cale. 
for C,,H,,0,: C, 76-5; H, 11-3; O, 12-2%). 

The most important features in the infra-red spectrum of the §-diketone were the existence 
of bands for carbonyl and for the dimeric form of a 8-diketone or carboxylic acid, and the absence 
of normal hydroxyl absorption. The solid in a ‘‘ Nujol ” mull showed bands at 1546 cm~! (strong) ; 
1606 cm-! (weak); 1644 cm! (strong; within range for conjugated carbonyl); 1708 em=! 
(strong; unconjugated carbonyl); and 2684-2742cm~-! (broad weak band; exhibited by 
dimerized carboxylic acids and enolized cyclic diketones). In carbon tetrachloride solution the 
bands were at 1635 cm~! (within range for conjugated carbonyl) ; 1716 cm~-? (strong ; carbonyl) ; 
and 3000-3200 cm~-! (broad weak band). 

The purified B-diketone, m.p. 122-123 °C, was methylated by adding a solution of diazo- 
methane in ether to a solution of 8-diketone in methanol. Chromatography on alumina (grade V) 
gave the methyl ether (0-7 g) which was eluted by benzene-light petroleum. It crystallized in 
colourless needles, m.p. 65-65-5 °C, from light petroleum and had Amax, 247mu; ¢€ 14,200 
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(Found: C, 77-0; H, 11-4; OCH;, 7-3%. Cale. for C,.H,O,;: C, 76-8; H, 11-3; OCH;, 
7-6% (one methoxy]l)). 

Oximation of the B-diketone, m.p. 122-123 °C, using pyridine-hydroxylamine hydrochloride 
at room temperature for 24 hr, gave a trioxime. It crystallized from slightly aqueous methanol 
in prisms, m.p. 78-80 °C (Found: N, 9-3%. Cale. for C,;H,,O,;N;: N, 9-6%). 


(d) Action of Alkali on the B-Diketone VII 

A solution of the purified $-diketone, m.p. 122-123 °C (0-5g) in aqueous NaOH (5% ; 
50 ml) was boiled for 1} hr. No volatile ketone was evolved and the product isolated by acidifying 
the solution was oily and showed Amax, 239 mu; ¢ 8500 in neutral solution. In the presence of 
alkali there were maxima at A 239my; ¢ 7300 and 4 279-280 my; ¢ 7400. A small amount 
of the 8-diketone slowly crystallized out when a solution of the crude product in light petroleum 
was allowed to stand. After heating for 7-8 hr under the same conditions the product was brown 
intractable gum having Amax, 226 my ; ¢ 8000, and in the presence of alkali Apax 280 mu ; ¢ 3500. 


(e) Sodium Hypobromite Oxidation 

The purified B-diketone VII, m.p. 122-123 °C (1-0), or the original crude mixture, m.p. 
107-110 °C (1-0 g), was added at 0 °C to a solution of sodium hypobromite prepared from NaOH 
(5-3g) and bromine (2-4 ml). Some sodium salt separated at first but with continued stirring 
a clear yellow solution resulted. There was a distinct odour of bromoform and some carbon 
tetrabromide separated during the course of the reaction. After 5—6 hr the solution, after washing 
with ether, was cooled and sodium bisulphite added. Acidification then gave a crystalline acid 
which was extracted with ether. The acid IX was sparingly soluble in light petroleum and 
crystallization from benzene or benzene-light petroleum (boiling range 60-80 °C) gave fine 
iridescent needles which were difficult to filter. The acid (0-5—-0-6 g), m.p. 111-112 °C, [a]p +2° 
(c, 4-0), may also be crystallized conveniently from ethyl acetate (Found: C, 66-4; H, 10-2; 
O, 22-99%; equiv. wt., 142. Calc. for C,,H,.O,: C, 66-6; H, 10-2; O, 23-2%; equiv. wt., 138). 
The acid was recovered unchanged after heating for 1 hr in ethanolic KOH solution and after 
heating for 5-6 hr in a mixture of equal parts of glacial acetic acid and aqueous H,SO, (60% 
solution). It failed to yield an oxime, and was recovered unchanged after heating in pyridine- 
hydroxylamine hydrochloride mixture. The acid gave a strong fluorescein test. When a solution 
of the acid in acetic anhydride was refluxed for 1 hr and the solvent distilled, the residue melted 
at 50-52 °C and was soluble in light petroleum. This product, which was not purified, readily 
gave the original acid when heated with ethanolic alkali. 

Esterification with diazomethane gave the trimethyl ester as a colourless liquid, which set to a 
mass of crystals when cooled slightly below room temperature (Found: C, 68-3; H, 10-5%. 
Cale. for Cy,H,y,0,: C, 68-4; H, 10-5%). Reduction of the trimethyl ester with lithium 
aluminium hydride gave a substance which was purified by heating in aqueous ethanolic alkali to 
remove any unchanged ester and then crystallized from light petroleum. It was obtained as 
colourless prisms, m.p. 59-60 °C, with slight sintering (Found: C, 74-5; H, 12-8%. Cale. for 
C.3H,,0,: C, 74:2; H, 12-9%). Formation of the silver salt from the acid IX appeared to be 
incomplete as the silver content of the product was low (Found: Ag, 40-3%. Cale. for 
C.3H3,0,Ag3: Ag, 44°1%). 

When ammonia (d=0-880) was added to the product obtained by heating the acid IX with 
thionyl chloride in dry benzene, or with acetyl chloride, addition of water then gave a clear solution 
from which acidification precipitated a diamido acid. This compound crystallized in colourless 
prisms, m.p. 146-148 °C, from aqueous ethanol, dissolved readily in aqueous NaOH, and liberated 
ammonia when the alkaline solution was heated (Found: C, 67-3; H, 10-7; N, 6-4%. Cale. 
for C.,H,,0,N,: C, 67-0; H, 10-7; N, 6-8%). The dianilic acid prepared in a similar manner 
from the acid and aniline, crystallized from benzene in fine needles, m.p. 152-153 °C (Found : 
N, 5-0%. Cale. for C;;H;,0,N,: N, 5-0%). 

Oxidation of the purified 8-diketone VII with potassium permanganate in dry acetone gave 
a mixture of products which did not crystallize readily, and no pure substance was isolated from 
it. Further oxidation of the crude products with sodium hypobromite then gave a good yield 
of the same acid IX described above. 





L. K. DALTON AND J. A. LAMBERTON 


(f) Pyrolysis of the Purified and Crude 8-Diketone 

When the purified B-diketone (m.p. 122-123 °C; 1g, or the original crude mixture, m.p. 
107-110 °C) was heated under reduced pressure (2-3mm) a small amount of white material 
sublimed, after which decomposition set in. A colourless distillate which readily crystallized 
was obtained and a dark tarry residue remained in the flask. The colourless crystalline substance 
was dissolved in light petroleum and chromatographed on alumina. Pure methyl stearyl ketone 
(0-5 g), m.p. 56-57 °C, was eluted by light petroleum and recrystallized from methanol (Found : 
C, 80-8; H, 13-4%. Cale. for C,H,;,0: C, 80-8; H, 13-6%). It gave a semicarbazone, 
m.p. 127-128 °C, and neither the ketone nor its semicarbazone gave a melting point depression 
when mixed with the specimens previously prepared. The small amount of sublimate collected 
at first was identified as unchanged §-diketone (Found: C, 76-3; H, 11-4%). No resorcinol 
was detected in the forerun of the distillation or in the dry-ice trap, nor was any acetone found. 


(g) Chloroketone and Its Dehalogenation 

Phosphorus trichloride (0-25 ml) was added to a suspension of the 8-diketone (3 g), m.p. 
122-123 °C, in dry chloroform (5 ml) and the mixture heated under reflux for 3 hr. The chloroform 
was removed under reduced pressure and the residue extracted with light petroleum. After 
washing the solution with water it was dried and the solvent removed. The residue, consisting 
of the crude chloroketone, was dissolved in ethanol ; palladium chloride (0-1 g) and gum arabic 
(0-1 g) dissolved in a few drops of water were added and hydrogenation continued until no more 
hydrogen was taken up. The crude product was chromatographed on alumina (grade V). Light 
petroleum eluted a small amount of low-melting material but the benzene fractions contained a 
substance which crystallized from a little methanol in colourless needles, m.p. 56-57 °C, with 
previous sintering (Found: C, 79-5; H, 12-4; O,8-0%. Cale. for C,;H,,O,: C, 79-4; H, 12-2; 
O, 8-5%). 

With semicarbazide acetate in ethanol this substance gave a sparingly soluble semicarbazone, 
m.p. 145 °C, before purification, but on repeated crystallization from ethanol it was obtained as 
colourless prisms, m.p. 158-159 °C (Found: C, 71-8; H, 11-4; N, 9-8%. Cale. for C.g,H,,O,N; : 
C, 71-7; H, 11-3; N, 9-7%). A mixture with the isomeric semicarbazone from 3-(nonadecan- 
2’-onyl)cyclohexanone (m.p. 159-160 °C), melted at about 150 °C. 
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STUDIES OF THE OPTICALLY ACTIVE COMPOUNDS OF 
ANACARDIACEAE EXUDATES 


Ill. THE LONG-CHAIN ALICYCLIC KETO ALCOHOLS FROM THE EXUDATE OF 
CAMPNOSPERMA AURICULATA HOOK. F. 


By J. A. LAMBERTON* 
[Manuscript received September 30, 1957] 


Summary 

Terentang oil, the exudate from the Malayan tree Campnosperma auriculata Hook. f., 
contains optically active substances closely related to the optically active component 
of Tigaso oil. These substances are assigned the general structure I and differ among 
themselves only in the amount and location of unsaturation in the C,, aliphatic side 
chain. All of them by heating with ethanolic alkali and subsequent hydrogenation 
give a product which is mainly 3-nonadecyl phenol. Catalytic hydrogenation alone 
produces (--)-3-hydroxy-3-nonadecyleyclohexanone and thence by dehydration 
3-nonadecylcyclohex-2-enone. 

Hydrocampnospermonol is a convenient starting material for the preparation 
of the reference substances 3-nonadecyl phenol and 3-nonadecyleyclohexanone. 


I. INTRODUCTION 

The results of a preliminary examination of the oily exudate from the large 
Malayan tree Campnosperma auriculata Hook.f. (family Anacardiaceae) show that 
it contains labile substances closely related to the optically active substance from 
Tigaso oil, and lend support to the type of structure already proposed in Part I 
of this series (Dalton and Lamberton 1958). The oil, which is known locally as 
Terentang oil, was kindly supplied for the present investigation by the Forest 
Research Institute at Kepong. It resembles Tigaso oil in appearance but is 
almost odourless and has a higher solidification temperature ; at 5 °C it sets 
to a pasty solid. The absence of any colour when the oil is tested with ferric 
chloride either in ethanolic solution or in aqueous suspension suggests that it 
does not contain any long-chain phenols of the catechol (e.g. urushiol) or salicyclic 
acid (e.g. pelandjauic acid) types. With ethanolic alkali there is an immediate 
intensification of colour, and after brief warming the solution remains homo- 
geneous when diluted with water. 

When compared with other exudates from the Anacardiaceae the most 
striking properties of Terentang oil are its optical activity, [«]p +8°, and its 
ultraviolet absorption spectrum. The latter shows a single peak at A 225 my ; 
¢ 8700 which is generally characteristic of an «a«$-unsaturated ketone, 
unsubstituted at the double bond (cf. the value Amax, 224-225myu; ¢« 10,300 
given for cyclohex-2-enone by Schubert and Sweeney (1955)), and lacks absorption 
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in the 4 275 mu region where campnospermonol and other long-chain phenols 
show a peak. After distillation under reduced pressure the oil has an ultraviolet 
absorption maximum at A 273 mu; « 1400 indicating formation of a phenol, 
but as the intensity is lower than that of campnospermonol, assuming a similar 
molecular weight, the conversion into a phenol during distillation appears to be 
incomplete. In Figure 1 are shown the ultraviolet absorption curves for the 
original oil and a specimen of the oil after distillation. 
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Fig. 1.—Ultraviolet absorption spectra. 
(a) Terentang oil [a]p +8°. 
(6) Distilled Terentang oil. 
(ec) 3-Nonadecyl phenol in ethanolic alkali. 


II. CHEMICAL STRUCTURES OF THE CONSTITUENTS 

The colourless solid formed when the oil from C. auriculata is hydrogenated 
may be crystallized from light petroleum, and then has only slight ultraviolet 
absorption in the position where phenols normally absorb. If the oil is heated 
with ethanolic potassium hydroxide before hydrogenation it gives a crude product 
having an absorption maximum at A 273 my, similar to that of hydrocampno- 
spermonol. It is apparent that the oil initially contains little or no phenol but 
is readily converted into a phenol by the action of alkali and partly converted 
into a phenol by distillation. Hydrogenation of the unsaturated phenolic oil IT 
obtained by the action of alkali yields a crystalline product which is mainly 
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aldehydes results. As separation of these has not been attempted the position 
of the double bonds cannot be assigned. 
paper suffices to show that the components of the original oil possess the general 


structure I, wherein R is an unsaturated C,, chain and changes in the position 


and number of its double bonds constitute the only differences between the 
components. 


Tigaso oil show an unusual uniformity in chain length and in the distribution of 
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3-nonadecyl phenol (III), for purification by crystallization gives a phenol 
identical with that prepared by Wolff-Kishner reduction of hydrocampno- 
spermonol. The distribution of double bonds in the long carbon chain of the 
unsaturated phenol II has not been determined but it is known that the com- 
position of the chain is not uniform. 


Hydroxylation of the methyl ether of the 
unsaturated phenol by the performic acid method gives a mixture of products 


and when this crude mixture is oxidized by periodate a mixture of short-chain 


200 






oo 
eoocecceere® 


e% 


1cM 


* 

oor 
ooeeee® 
eseeee 

waswoee® 





~ 
—_ + 
> 230 





250 


290 


Aw fh 
Fig. 2.—Ultraviolet absorpticn spectra. 
(a) Terentang oil fraction [a]p 


+11° obtained by chromato- 
graphy. 

(6) Product obtained by hydrogenating fraction [a]p +11°. 

(c) Solution of fraction having [«]p +-11° in ethanolic alkali 


after heating. 


However, the evidence in the present 


It has already been noted (cf. Part I) that the compounds in 








J. A. LAMBERTON 


double bonds. The compounds from Terentang oil, after hydrogenation, 
generally require more purification by crystallization to obtain a high degree of 
purity, indicating the probable presence of at least some homologous compounds. 

When Terentang oil is chromatographed on alumina according to the 
method used with Tigaso oil, the major portion is eluted slowly by light petroleum 
or more rapidly by light petroleum containing 10 per cent. benzene. The purified 
fraction obtained in this way is a colouriess oil having [«]p +11° and Amax. 
224-225 mu; « 9400 (see Fig. 2), which partly crystallizes on standing at room 
temperature. Catalytic hydrogenation gives a compound C©,,;H,,0, having 
no significant ultraviolet absorption in neutral solution, but when a trace of 
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potassium hydroxide is added and the solution warmed slightly, it develops a 
strong absorption at Amax, 236-237 mu; ¢ 12,800. The hydrogenation product 
is considered to be (-+-)-3-hydroxy-3-nonadecyleyclohexanone (IV), for it readily 
loses the element of water when warmed with ethanolic alkali or acid to give an 
unsaturated ketone C,,H,,O displaying the absorption spectrum characteristic 
of a substituted «$-unsaturated ketone. The ultraviolet absorption (Amax. 
235 my; ¢ 14,000) of the unsaturated ketone, which is probably 3-nonadecyl- 
cyclohex-2-enone (V), may be compared with that of 3-methyleyclohex-2-enone 
which is reported to have Amax. 235 mu; ¢ 12,930 (Evans and Gillam 1943). 
Both IV and V give the same reddish orange 2,4-dinitrophenylhydrazone ; 
evidently, its formation from IV is accompanied by loss of the elements of water. 
No direct chemical evidence is available for the presence of a tertiary hydroxyl 
group in IV but its infra-red spectrum does indicate the presence of both hydroxy] 
and carbonyl groups. The very ready conversion of IV into a conjugated ketone 
suggests the elimination of a hydroxyl group from a 8$-hydroxyketone, and 
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consequently the structure assigned follows from the structure of its dehydration 
product V. Catalytic hydrogenation of the unsaturated ketone V gives a 
saturated ketone VI, C,;H,,0, identical with 3-nonadecyleyclohexanone. The 
hydroxyketone IV may also be prepared conveniently by hydrogenating 
Terentang oil and chromatographing the crude product. 

Hydrocampnospermonol provides a convenient source of 3-nonadecyl phenol 
and 3-nonadecyleyclohexanone. Wolff-Kishner reduction of hydrocampno- 
spermonol gives 3-nonadecyl phenol in good yield, from which hydrogenation 
followed by chromic acid oxidation gives first 3-nonadecyleyclohexanol and then 
3-nonadecyleyclohexanone. The unsaturated phenol II, obtained by heating 
Terentang oil in ethanolic alkali has also been submitted to a like sequence of 
reactions. This phenol is obtained as a faintly yellow oil which yields 3-nonadecyl 
phenol when hydrogenated under mild conditions and 3-nonadecyleyclohexanol 
under high pressure. 

The fraction of Terentang oil having [«]p +11°, obtained by chromato- 
graphy, reacts with alcoholic hydrochloric acid in a manner completely analogous 
to that observed with the optically active compound from Tigaso oil. The 
products in this instance are, after hydrogenation, 3-nonadecyl phenol and the 
alkyl ether corresponding to the alcohol used as a solvent. 

The infra-red absorption spectrum of the fraction of Terentang oil having 
[a]p +11° shows a strong band at 1681 cm~—! attributed to a conjugated carbonyl 
group. The weak band at 1592 cm~! is assigned to the double bond in con- 
jugation with the carbonyl group, although it is weaker than usual, and very 
much weaker for example than the absorption produced by the double bond in 
3-nonadecyleyclohex-2-enone. A broad band of medium intensity at 3413 cm-1 
is probably due to the hydroxyl group which takes part in intramolecular hydrogen 
bonding. 

The occurrence in Terentang oil of substances closely related to the optically 
active compound from Tigaso oil, but lacking the carbonyl group § to the ring 
system, indicates that compounds of this type may occur more widely in nature. 
The results of these investigations emphasize the need for care in the choice of 
methods for dealing with such exudates. Distillation, treatment with alkali, 
methylation and subsequent distillation—a method formerly applied in the 
study of several exudates from Anacardiaceae—may alter completely the nature 
of the original oil and give misleading results. Compounds of the type described 
in the present study may be important as intermediates in the biogenesis of 
plant phenols, and it would be interesting to examine exudates from Anacardiaceae 
other than Campnosperma species for like substances. 





III. EXPERIMENTAL 
(a) General 


As in Part I of this series (Dalton and Lamberton 1958). 


(6) Properties of Terentang Oil 

Terentang oil was received as a light brown oil, slightly opaque from suspended fine droplets 

of water which slowly separated out on standing. At 5 °C it set to a pasty solid. The oil dissolved 
completely in ether or light petroleum, and was freed from water by dissolving in light petroleum, 
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filtering, and then evaporating the solution under reduced pressure. A specimen of the oil had 
[x]p +8° (c, 1-9) and the uptake of hydrogen over platinum oxide corresponded to 1-8 double 
bonds per molecule, assuming an average mol. wt., 376. The oil did not give any colour with 
ferric chloride in ethanolic solution or in aqueous suspension and on warming with ethanolic 
KOH (1%) it gave a dark solution and remained dissolved on dilution with water. The ultra- 
violet absorption spectrum has been given in Figure 1 and already discussed. 


(c) Action of Ethanolic Potassium Hydroxide on the Oil 

(i) 3-Nonadecyl Phenol (III).—Terentang oil (5-0 g) was dissolved in ethanol (30 ml) and 
a solution of KOH (2-0 g) in ethanol (30 ml) added. The solution was heated on a steam-bath 
for 10 min, diluted with water, and acidified with dil. H,SO,. The oil which separated was 
extracted with ether and, after removing the solvent, it was dissolved in methyl acetate and 
hydrogenated over platinum oxide. The crude product was chromatographed on alumina 
(activity V) and the fraction (4-0 g) eluted by benzene-light petroleum was crystallized from light 
petroleum. After several crystallizations from the same solvent 3-nonadecyl phenol was obtained 
as colourless prisms, m.p. 62-63 °C, and there was no depression of melting point on mixing with 
a specimen of 3-nonadecyl phenol (m.p. 63-64 °C) prepared from hydrocampnospermonol (see 
later) (Found: C, 83-4; H, 12-1%. Cale. for C,,H,,O: C, 83-3; H, 12-3%). The ultraviolet 
absorption (Amax, 273 mu; ¢ 1760) was closely similar to that of campnospermonol. The acetate 
from III was prepared by heating with pyridine and acetic anhydride for 1 hr at 100°C and 
crystallized from slightly aqueous ethanol. It gave colourless prisms, m.p. 50-51 °C, and when 
mixed with an authentic specimen of 3-nonadecyl phenyl acetate (m.p. 51-52 °C), the mixture 
melted at 51-52 °C (Found: C, 80-9; H, 11-5%. Cale. for C,,H,,O,: C, 80-5; H, 11-5%). 


(ii) 3-Methoxynonadecylbenzene.—The methyl ether was prepared from III by heating with 
methyl iodide in acetone over anhydrous K,CO;. It crystallized from ethanol in colourless 
needles, m.p. 42-5—43 °C, and this melting point was unchanged by mixing with an authentic 
specimen of 3-methoxynonadecylbenzene (Found: C, 83-7; H, 12-2; CH,0, 7-1%. Cale. 
for CysHyO: C, 83-4; H, 12-4; CH,0, 8-3% (one methoxyl)). Jones and Smith (1928) 
prepared this methyl ether by Clemmensen reduction of campnospermonyl methyl ether and 
subsequent catalytic hydrogenation. They reported m.p. 45 °C. 

Alternatively, the crude phenolic oil obtained by heating Terentang oil with ethanolic alkali 
was methylated by heating with methyl iodide in avetone over K,CO,, and the methylated oil 
was hydrogenated over platinum oxide and distilled under reduced pressure (b.p. 245-250 °C 
at 1mm). The colourless distillate (85-90% yield) first set to a crystalline solid, m.p. 35-37 °C, 
and only after repeated crystallization from acetone gave colourless needles, m.p. 41—41-5 °C, 
with some sintering from 40°C. A mixture with authentic 3-methoxynonadecylbenzene (m.p. 
43-44 °C) melted at 41-5-43°C (Found: C, 83-7; H, 12-5%). 


(iii) Unsaturated Phenols (II).—When the crude phenolic oil from the alkali treatment was 
distilled under reduced pressure some very dark residue remained in the flask, but 85-90% of the 
oil distilled cleanly (b.p. 255-260 °C at 1-2 mm) to give the mixed unsaturated phenols II as a 
faintly yellow oil which did not give a ferric test (Found : C, 83-4; H,12-0%. Cale. for C,;H,,O 
(assuming an average of one double bond in the side chain per molecule): C, 83-7; H, 11-8%). 


(d) The Double Bond of the Side Chain 

The methyl ether of the unsaturated phenols II, obtained as in Section III (c) (ii), or by 
methylating the phenol obtained as in Section III (c) (iii), was hydroxylated by the performic 
acid method, under the conditions used for the hydroxylation of campnospermonyl methy! ether 
(seo Part I of this series). A mixture of products resulted and the crude mixture was oxidized by 
periodic acid. The steam-volatile aldehydes were passed into 2,4-dinitrophenylhydrazine reagent 
and gave a yellow crystalline product, m.p. 70-75 °C. Several crystallizations gave a little 
material, m.p. 85-90 °C, but it was still obviously a mixture. (Analysis of the crude once- 
crystallized material: C, 54:3; H, 6-3; N, 18-6%). 
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(e) Chromatography of Terentang Oil 

Terentang oil (3-0 g) dissolved in light petroleum (100 ml) was added to a column of neutral 
alumina (activity III, 30 by 3 cm) and eluted with light petroleum (11.). Elution was slow, but 
was more rapid on addition of a mixture of light petroleum and benzene. Three main fractions 
of almost equal weight were collected : (i) eluted by light petroleum ; (ii) eluted by light petroleum- 
benzene (10:1); (iii) eluted by light petroleum-benzene (2:1). These fractions represented 
80%, of the oil, and all had [a]p +11° (c, 2-0-3-0 in chloroform) and almost identical ultraviolet 
absorption spectra (Amax. 224-225my; ¢ 9400). Fractions (i) and (ii) had substantially the 
same infra-red absorption. All three fractions crystallized on standing at room temperature, 
but fraction (iii) appeared to crystallize most readily and possibly contained a higher proportion 
of saturated material (Found : fraction (ii): C, 80-4; H,11-7%. Cale. for C,,H,,0,: C, 79-7; 
H, 11-8%). Fraction (ii) showed infra-red bands at 1681 cm~! (strong band with a shoulder) ; 
3413 cm~! (broad band; medium intensity); 1592, 1253, 1166, 1099, 904, and 866 cm~-? (all 
weak). When fraction (ii) was warmed with ethanolic KOH as in Section III (c), and then 
hydrogenated, it gave 3-nonadecyl phenol, m.p. 62-63 °C. 


(f) (+)-3-Hydroaxy-3-nonadecyleyclohexanone (IV) 

The three fractions obtained from Terentang oil as above each gave the same crystalline 
product when hydrogenated catalytically in methyl acetate over platinum oxide. The crude 
product melted at c. 58-60 °C, but this was raised to m.p. 66-5—67-5 °C by crystallization from 
light petroleum, or more readily by chromatography on neutral alumina (activity V) with elution 
by light petroleum containing a little benzene. The purified (-+-)-3-hydroxy-3-nonadecylcyclo- 
hexanone consisted of colourless needles which had [«]p + 2° (c, 3-1 in chloroform) and no measur- 
able ultraviolet absorption in neutral solution, but when a trace of KOH was added and the 
solution warmed, it quickly showed a maximum at A 236-237 my; ¢ 12,800 (Found: C, 79-0; 
H, 12-7%. Cale. for C,,H,,0,: C, 78-9; H, 12-7%). The 2,4-dinitrophenylhydrazone of V 
prepared from IV was obtained as reddish orange prisms, m.p. 119-120 °C, after recrystallization 
from ethyl acetate (Found: C, 68-5; H, 9-1; N, 10-3%. Cale. for C3,H,0O,N,: C, 68-7; 
H, 9-2; N, 10-3%). 

The same compound IV was also prepared by hydrogenating Terentang oil and chromato- 
graphing the crude reduced oil on alumina. The oil (5-0 g) was hydrogenated in ethanol (150 ml) 
over a platinum oxide catalyst. After filtration to remove the catalyst a small amount of 
crystalline material (m.p. c. 68-70 °C) separated on standing. After crystallization from benzene- 
light petroleum this material had an indefinite m.p. c. 80 °C and no measurable ultraviolet absorp- 
tion in neutral solution, but after heating for 1 min in the presence of alkali it then had Amay. 
238-239 muy ; El% 190. No further investigation was made. 

The ethanolic filtrate was evaporated under reduced pressure and the residue crystallized 
from light petroleum. The product (c. 4 g), m.p. c. 53-55 °C, had only slight ultraviolet absorption 
(it had a small peak in the phenol position) but in ethanolic KOH, after heating for 1 min, it had 
Amax. 236-237 mu; e€ 11,200. This crude product was chromatographed on alumina and the 
major portion eluted by benzene-light petroleum. After recrystallization the purified compound 
(1-5-2-0 g) melted at 65-66 °C, and was identical in its properties with those of IV given above, and 
likewise yielded the 2,4-dinitrophenylhydrazone of V. 


(g) 3-Nonadecylcyclohex-2-enone (V) 

Compound IV (0-3 g) was dissolved in ethanolic KOH (5% solution; 10 ml), the solution 
heated for a few minutes, and diluted with water. Ether extraction gave 3-nonadecylcyclohezx-2- 
enone (V) as colourless crystals which were very soluble in light petroleum and melted at 
57-5-58-5 °C after recrystallization from slightly aqueous ethanol (Found: C, 82-9; H, 12-4%. 
Cale. for C,,;HyO: C, 82-8; H, 12-8%). In ethanol, V had an ultraviolet absorption maximum 
at 2 235 mu; ¢ 14,000, unchanged by addition of alkali and infra-red bands at 1640 cm-! (strong ; 
conjugated carbonyl) and 1585 cm~? (strong; double bond conjugated with carbonyl). The 
2,4-dinitrophenylhydrazone from V was obtained as reddish orange prisms, m.p. 118-119 °C, 
and this melting point was unchanged by mixing with the 2,4-dinitrophenylhydrazone obtained 
directly from IV. 
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Catalytic hydrogenation of V in ethanol over platinum oxide gave 3-nonadecyleyclohexanone 
(VI) which crystallized from ethanol in colourless needles, m.p. 54-55 °C, and gave no melting 
point depression when mixed with an authentic specimen prepared from hydrocampnospermonol 
(Found: C, 82-7; H, 13-5%. Cale. for C,;H,,0: C, 82-3; H, 13-3%). With semicarbazide 
acetate in ethanol VI gave a semicarbazone, sparingly soluble in ethanol and crystallizing from 
hot ethanol in colourless prisms, m.p. 149-150 °C (Found: C, 74:2; H, 12-0; N,10-1%. Cale. 
for Cy,H;,ON;: C, 74:1; H, 12-1; N,10-0%). The 2,4-dinitrophenyihydrazone of VI crystallized 
from a large volume of ethanol in yellow needles, m.p. 127-128 °C (Found: N, 10-4%. Cale. 
for C,,H,40,N,: N, 10-3%). The melting points of these derivatives were undepressed by mixing 
with the corresponding derivatives of authentic 3-nonadecyleyclohexanone. 


(h) Preparation of Reference Substances from Hydrocampnospermonol 

(i) 3-Nonadecyl Phenol (III).—Hydrocampnospermonol (5-0 g) and anhydrous hydrazine 
(3-0 ml) were added to the product from sodium (2-5 g) and diethylene glycol (50ml). The 
solution was heated at 180 °C for 15 hr, the mixture worked up in the usual way, and the crude 
product crystallized once from light petroleum. It was then chromatographed on alumina and 
the main fraction (4g) eluted by benzene. Recrystallization from light petroleum gave III as 
colourless needles, m.p. 63-64 °C, Amax, 273 mu; ¢ 1770, which melted at 57-60 °C when mixed 
with hydrocampnospermonol (m.p. 69-70 °C) (Found: C, 83-6; H, 12-2%. Cale. for C.;H,,0 : 
C, 83-3; H, 12:2%). The acetate from III was obtained as colourless prisms, m.p. 51-52 °C, 
from slightly aqueous ethanol (Found: C, 80-7; H, 11-5%. Cale. for C,,H,O,: C, 80-5; 
H, 11-5%). Methylation of III with methyl iodide in acetone over anhydrous K,CO, gave 
the methyl ether which crystallized in colourless needles, m.p. 43-44 °C, from ethanol (Found : 
C, 83-2; H, 12-3; CH,O, 8-0%. Calc. for C,.H,O: C, 83-4; H, 12-4; CH,O, 8-2% (one 
methoxyl)). In the determination of this methoxyl value it was necessary to continue heating 
for 2 hr; the normal method of heating for 20 min gave a low result (1-1% methoxyl). Similar 
behaviour has been observed in the determination of alkoxyl in the ethyl ether of III, and the 
ethyl ether of hydrocampnospermonol. Hydrocampnospermonol methyl ether behaved 
normally in the methoxyl determination. Ethylation of III by the same method gave the ethyl 
ether which crystallized in colourless needles, m.p. 35-5-—36-5 °C, from ethanol (Found: C, 83-2; 
H, 12-2%. Calc. for C,,H,,0: C, 83-5; H, 12-4%). 


(ii) 3-Nonadecyleyclohexanol (VII).—3-Nonadecyl phenol (3-5g) was hydrogenated by 
shaking under pressure (c. 2000 lb/in*) at 130 °C in the presence of Raney nickel (c. 2g) and a 
little ethanol for 8hr. Ethanol was then added, the catalyst removed by filtration through a 
thin layer of alumina, aqueous alkali added, and the oily layer which separated was extracted with 
light petroleum. The light petroleum solution was washed with water concentrated by evapora- 
tion, and cooled to induce crystallization of the product (2-0g), which melted at 59-60 °C 
and had no measurable ultraviolet absorption (Found: C, 82-0; H, 13-5%. Cale. for C,;H,,0: 
C, 81-9; H, 13-7%). The «-naphthylurethane from VII was obtained as colourless prisms, m.p. 
97-5-98-5 °C, after recrystallization from light petroleum (boiling range, 80-100 °C) (Found: 
C, 80-6; H, 10-6; N, 3-0%. Calc. for C,,H;,0.N: C, 80-7; H, 10-7; N, 2-6%). 


(iii) 3-Nonadecylcyclohexanone (VI).—Chromic acid (0-2 g) in water (0-5 ml) was added 
to 3-nonadecylcyclohexanol (0-75 g) in glacial acetic acid (20 ml) and the mixture allowed to stand 
overnight. The crude product was dissolved in ethanol and an ethanolic solution of semicarbazide 
acetate (from semicarbazide hydrochloride (1-0g) and sodium acetate (1-0 g) in ethanol (30 ml)) 
added. A sparingly soluble semicarbazide crystallized at once, and was recrystallized from 
ethanol. The product (0-5 g) melted at 150-151 °C (Found: C, 74-4; H, 12-1; N, 10-0%. 
Calc. for C,,H,,ON;: C, 74:1; H, 12-1; N, 10-0%). 

3-Nonadecylcyclohexanone was prepared from the semicarbazone by the method of Hershberg 
(1948). The semicarbazone (500 mg) was dissolved in hot glacial acetic acid and pyruvic acid 
(B.D.H. solution c. 50%; 1 ml) added. After heating for 15 min the solution was diluted with 
water and the oily product extracted with ether. After washing with Na,CO, solution (5%) 
to remove acetic acid, the ether was evaporated and the residue dissolved in light petroleum, 


and chromatographed. 3-Nonadecylcyclohexanone was eluted from alumina (grade V) by light 
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petroleum and crystallized from ethanol in fine needles, m.p. 55-56°C (Found: C, 82-1; 
H, 13-1%. Cale. for C,;H,,0: C, 82-3; H, 13-3%). The 2,4-dinitrophenylhydrazone from VI 
crystallized in yellow prisms, m.p. 127-128°C (Found: 10°2%. Calc. for C,;,H,,0,N,: 
N, 10°3%). Wolff-Kishner reduction, by heating VI (150 mg) and anhydrous hydrazine (1 ml) 
with the product from sodium (1-0 g) and diethylene glycol (20 ml) for 15 hr at 180°C gave 
1-cyclohexylnonadecane which formed colourless plates, m.p. 41-5-42-5 °C, from benzene-ethanol, 
and gave no melting point depression when mixed with a specimen obtained previously (cf. Part I, 
Section VII). 


(i) Action of Alcoholic Hydrochloric Acid on Chromatographed Terentang Oil 

A fraction of Terentang oil (1-0g) having [«]p +11°, isolated by chromatography as in 
Section III (e) was dissolved in ethanol (10 ml) and conc. HCl (1 ml) added. When this mixture 
was heated on a steam-bath the clear solution rapidly became turbid and oily droplets separated. 
After 15 mm, water was added and the crude product, isolated by ether extraction, had an ultra- 
violet absorption resembling that of campnospermonol (Amax, 237 mu; ¢ 1780). After hydro- 
genation the product was separated into neutral and phenolic fractions by chromatography on 
alumina. The neutral fraction (0-4 g), eluted by light petroleum, crystallized in colourless 
needles, m.p. 35-36 °C, from ethanol and had an ultraviolet absorption (Am ax, 272 mp; e€ 1780) 
almost identical with that of hydrocampnospermony] methyl ether (Found: C, 84-0; H, 12-6%,. 
Cale. for C.7H,,0: C, 83-5; H, 12-4%). The melting point was not depressed by mixing with 
a specimen of 3-ethoxynonadecylbenzene. The phenolic fraction was identified, as previously, 
as 3-nonadecyl phenol (0-4 g). 

The same fraction of Terentang oil ([«]p +11°) when heated with methanolic HCl also 
gave 3-nonadecyl phenol together with 3-methoxynonadecylbenzene, m.p. 41—42-5 °C (Found : 
C, 83-5; H, 12-3; CH,0, 7-9% (in the methoxyl determination heating was continued for 
2hr). Calc. for C.,H,O: C, 83-4; H, 12-4; CH,0O, 8-2% (one methoxyl). The melting point 
was not depressed by mixing with an authentic specimen of 3-methoxynonadecylbenzene. 
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THE STRUCTURE OF ISOPELLETIERINE FROM DUBOISIA 
MYOPOROIDES B.Br. 


By P. I. MortmMeEr* 
[Manuscript received July 30, 1957] 


Summary 
Evidence is presented to support the methyl ketone structure for isopelletierine 
from Duboisia sp. 
I. INTRODUCTION 

The strain of Duboisia myoporoides R.Br. occurring on the Acacia Plateau 
near Killarney, Queensland, has recently been found to contain the alkaloid 
isopelletierine (Mortimer and Wilkinson 1957) identified by comparison with 
synthetic DL-2-piperidylacetone (I). The characteristics of the base isolated 
and its derivatives are also generally similar to those recorded by Hess (1917) 
for his alkaloid pelletierine, isolated from Punica granatum Linn., and which he 
formulated as 3-(2-piperidyl)propionaldehyde (II) (Hess and LEichel 1917). 
This is evident from Table 1. 

Hess’s evidence for the aldehyde structure was the derivation of a nitrile 
from the oxime of his alkaloid, and subsequent conversion of this nitrile to ethyl 
3-(2-piperidyl)propionate, identified by analysis, and by the melting point of 
its hydrochloride and aurichloride. The aldehyde structure was therefore 
accepted for many years, but all attempts to synthesize this aldehyde have failed 
(reviewed by Wibaut and Hirschel 1956; see also Bowman and Evans 1956). 


CH)—CO—CH, CH,— CH,—CHO 
i 
H 
’ () (I) 
CH,— C—CH, _J—CH,— NH, o=\ 7 OONH, 
N ~ I I 
H H 
- —_ (Il) (IV) 


The identification of the Duboisia alkaloid as isopelletierine rather than as 
the aldehyde II was based on mixed melting points with derivatives of only one 
of the two alternative compounds. It seemed desirable to confirm this identi- 
fication by other methods. 


* Division of Plant Industry, C.S.I.R.O., Canberra, A.C.T. 
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TABLE 1 
COMPARISON OF DL-ISOPELLETIERINE FROM DUBOISIA, HESS’S PELLETIERINE FROM PUNICA 
GRANATUM, AND SYNTHETIC DL-ISOPELLETIERINE 





| Duboisia Alkaloid Synthetic 
Derivative (Mortimer & Hess’s Pelletierine isoPelletierine 
Wilkinson 1957) 


Melting points (°C) 
Hydrochloride ws 144-145 143-144 (Hess 1917) 144-145 (Meisenheimer 
& Mahler 1928) 
145 (Norton et al. 1946) 
143 (Hess & Littmann 
1932; Vogl & Bian- 
chetti 1955) 
Hydrobromide ie 138 140 (Hess 1917) 137 (Meisenheimer & 
Mahler 1928; Vogl & 
Bianchetti 1955; 
Wibaut et al. 1954) 
135 (Hess & Littmann 
1932; Norton eé al. 





1946) 
Picrate 149-150 150-151 (Hess 1917) 147-148 (Meisenheimer 
& Mahler 1928) 
147-5-148-5 (Wibaut et 
el. 1944) 
147-149 (Hess & 
Littmann 1932) 
148-149 (Galinovsky et 
al. 1951, 1952) 
Picrolonate .. - 178-179 os 177-179 (Wibaut et al. 
1944) 
178-180 (Galinovsky et 
al. 1952) 
180 (Norton et al. 1946) 
Oxime os ee 105-5, 90 96-97, 80 (Hess & — 
Eichel 1917) 
Oxime picrate “en 176 179-190 (Hess & 
Eichei 1917) 
Semicarbazone hydro- 169-171* 188 (decomp.) (Hess — 
chloride (decomp.) 1917) 
N-Benzoyl .. ye 74 75 (Hess 1917) 72-74 (Galinovsky et al. 
: 1952) 
Boiling points (°C/mm) 
Alkaloid wh Ss 75/3-0 98—-102/14 (Hess 1917) | 62/0-8 (Wibaut et al. 
1944) 
86/10 (Meisenheimer & 
Mahler 1928) 
| | 91-92/14 (Hess & 
| Littmann 1932) 
94/15 (Anet, Hughes & 
| | Ritchie 1950) 
Oxime i eg 146/5-6 | 173/21 (Hess & Eichel | — 
| 134/2°5 1917) 
N-Acetyl .. ae 138/4-2 173-174/18 (Hess 1917) | 133-135/3 (Norton e¢ al. 
; | | 1946) 
* Monohydrate. 
FF 
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II. DIscussiIoNn 

The dehydration of the oxime, as described by Hess and Eichel (1917), was 
attempted, but no product corresponding to their nitrile was obtained. The 
oxime used had m.p. 105-5 °C, whereas Hess and Eichel used an oxime, m.p. 
80 °C, or 96-97 °C. Beckmann rearrangement of the oxime of the N-acetyl 
derivative, and hydrolysis of the product, yielded 2-(aminomethyl)piperidine 
(III), isolated as the dipicrate, identical with the dipicrate of synthetic III. 
The preparation of this compound by catalytic hydrogenation of pyridine 
derivatives has been described (Reihlen et al. 1932 ; Norton et al. 1946); it was 
conveniently obtained by lithium aluminium hydride reduction of 2-piperidone- 
6-carboxamide (IV) prepared by ammonolysis of ethyl «-bromoadipate in water. 

From the action of sodium hypobromite on the N-benzoy] derivative of the 
alkaloid, bromoform was obtained, but the expected N-benzoylpiperidine-2-acetic 
acid was not isolated. 

Dr. A. H. R. Cole (personal communication, April 24, 1956) has examined 
the infra-red adsorption spectrum of the N-benzoyl derivative of the Duboisia 
alkaloid. Cole reports that bands at 1712 em~-! (carbonyl) and 1355 em-! 
(methyl) were observed, indicating the presence of the —COCH, grouping. 


III. EXPERIMENTAL 

(a) N-Acetylisopelletierine Oxime.—The Duboisia alkaloid was acetylated with acetyl chloride 
(70-81% yield) (Hess 1917). To a solution of the N-acetyl derivative (2-94 g) and sodium acetate 
(5 g erystalline hydrated) in water (10 ml), hydroxylammonium chloride (2-33 g; 2 equiv) was 
added and the mixture heated on a boiling water-bath for lhr. The product was extracted 
with chloroform, the extract washed with dilute sodium carbonate solution, and the chloroform 
evaporated. The oxime was recrystallized from ether, 2-75 g (86%), m.p. 134°C (Found: 
C, 60:8; H, 9-1; N, 14-1%. Cale. for CygH,gN,O,: C, 60-6; H, 9-1; N, 14-1%). Norton 
et al. (1946) quote 132-136 °C as the m.p. of synthetic N-acetyl-p1i-isopelletierine oxime. 


(b) Beckmann Rearrangement of N-Acetylisopelletierine Oxime.—The oxime (0-50 g), prepared 
from the Duboisia alkaloid, was dissolved in absolute ether (140 ml) with warming, cooled slightly, 
and freshly sublimed phosphorus pentachloride (0-75 g) added. After 15 min, the ether was 
distilled, and the residue taken up in water (10ml). This was continuously extracted with 
chloroform to give 0-50 g product as a viscous syrup which was hydrolysed by heating with HCl 
(3-5 ml; 10N) in a sealed tube for 24hr in a boiling water-bath. The tube contents were 
evaporated, taken up in water, made alkaline with NaOH, and extracted with chloroform. The 
bases extracted were converted to the hydrochlorides (0:27 g syrup). This yielded a reineckate, 
m.p. 174 °C (bath preheated to 170 °C) ; the greater portion of it was converted to the dipicrate 
using an excess of picric acid in water (yield 89mg). After three recrystallizations from water, 
it was obtained as blades, m.p. 201 °C. The sample for analysis was dried at 100 °C and 2 mm for 
lhr (Found: C, 37:2; H, 3-9; N, 19-0%. Cale. for C,H,,N,.2C,H,;N,0,.H,O: C, 36-6; 
H, 3-8; N, 19:0%). The m.p. was unchanged on admixture with synthetic 2-(aminomethy])- 
piperidine dipicrate. 


(c) 2-Piperidone-6-carboxamide (IV).—Ethyl «-bromoadipate (8-0g) (Schwenk and Papa 
1948) and concentrated aqueous ammonia (80 ml) were sealed in a glass tube and shaken until 
all the ester had dissolved. This required 16 to 30hr in different batches. The solution was 
then heated in a boiling water-bath for 30min to complete bromine cleavage. It was then 
evaporated to dryness under reduced pressure, below 60 °C, the residue taken up in water, and 
bromide ion removed using Permutit “ Deacidite H ” ion-exchange resin (10 g). The solution 
was again evaporated to dryness as before, and, if necessary, crystallization was induced by 
adding ethanol. Yield 1-90g (47%), m.p. 162 °C, raised to 166-5 °C on recrystallization from 
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ethanol (Found: C, 50:9; H, 7:0; N, 19-9%. Cale. for CgH,N,O,: C, 50-7; H, 7-1; 
N, 19-7%). 

(d) 2-(Aminomethyl)piperidine (II1I).—2-Piperid6éne-6-carboxamide (2-13g) was extracted 
in a continuous extractor by refluxing tetrahydrofuran (100g) containing lithium aluminium 
hydride (6-0 g, 500% excess). After 34 hr all the amide had dissolved ; refluxing was continued 
for a further 36 hr. Excess hydride was destroyed with ethyl acetate, and aqueous potassium 
hydroxide solution (150ml; 20%) and ether (50ml) added. The supernatant phase was 
separated, acidified with hydrochloric acid, and evaporated on a water-bath. The residue, taken 
up in water (150 ml) was precipitated with ammonium reineckate (5 g) in acetone (100 ml) which 
was then distilled off under reduced pressure ; 5-07 g reineckate, m.p. 173-174 °C (bath preheated 
to 166°C) was obtained. The base was recovered from the reineckate by mercuric chloride 
precipitation (Panouse 1949) and converted to the dipicrate, 1-68 g (23% on amide reduced), 
m.p. 199 °C, recrystallized from water to give blades, m.p. 201 °C. For analysis, it was dried 
at 100°C for 1 hr (Found: C, 36-8; H, 3-8; N, 18-6%. Cale. for C,H,,N,.2C,H,N,0,.H,0 : 
C, 36-6; H, 3-8; N, 19-0%). 


(e) Action of Hypobromite on N-Benzoylisopelletierine—To a sodium hypobromite solution, 
prepared from NaOH (2-11 g) in water (15 ml) and bromine (2-82 g), a solution of N-benzoyl 
isopelletierine (1-42 g), prepared from the Duboisia alkaloid in dioxan (10 ml), was added with 
stirring and cooling to keep the temperature below 5 °C. Addition required 15 min. The mixture 
was held at 0-5 °C for 1 hr with occasional agitation, then at room temperature (22 °C) for 1 hr. 
It was then extracted with ether (two 5-ml portions) ; the extracts were combined and the ether 
removed cautiously on a warm water-bath. The dioxan remaining was diluted with an equal 
volume of water. The small layer of oil which separated was withdrawn ; it had an odour similar 
to chloroform and on fractionation in a small still, bromoform, b.p. 147 °C/727 mm (0-11 g), 
was obtained. 

After the extraction of the bromoform the reaction mixture was acidified to pH 3 with HCl 
and extracted with ether. The ether extract was washed with 10N HCl to retain amides, then 
with water, dried, and evaporated ; there remained crude benzoic acid (0-29 g, 40%), m.p. 106 °C, 
raised to 117 °C on admixture with benzoic acid. The amide portion recovered from the HCl 
proved to be a complex mixture which was not resolved. 


IV. REFERENCES 

AneEt, E. F. L. J., Hugues, G. K., and Rircnte, E. (1950).—-Aust. J. Sci. Res. A3: 336. 

Bowman, R. E., and Evans, D. D. (1956).—J. Chem. Soc. 1956: 2553. 

GaLINovsky, F., WAGNER, A., and WertsEer, R. (1951).—Mh. Chem. 82: 551. 

Gatinovsky, F., and Voer, O. (1952).—Mh. Chem. 83: 1055 

Hess, K. (1917).—Ber. dtsch. chem. Ges. 50: 368. 

Hess, K., and Ercuet, A. (1917).—Ber. dtsch. chem. Ges. 50: 1192. 

Hess, K., and Lirrmann, O. (1932).—Liebigs Ann. 494: 7. 

MEISENHEIMER, J., and MAHLER, E. (1928).—Liebigs Ann. 462: 301. 

Mortmer, P. I., and Wiixrnson, 8S. (1957).—J. Chem. Soc. 1957: 3967. 

Norton, T. R., Benson, A. A., SEIBERT, R. A., and Berestrom, F. W. (1946).—J. Amer. Chem. 
Soc. 68: 1330. 

PanousE, J. J. (1949).—Bull. Soc. Chim. Fr. 1949: 594. 

REIHLEN, H., von Hesstine, G., Hunn, W., and WEINHEIMER, E. (1932).—Liebigs Ann. 493: 
20. 

ScuweEnk, E., and Papa, D. (1948).—J. Amer. Chem. Soc. 70: 3626. 

Voet, O., and Brancuetti, G. (1955).— Mh. Chem. 86: 1024. 

Wisaut, J. P., Beverman, H. C., and EnrHoven, P. H. (1954).—Rec. trav. chim. Pays-Bas 
73: 1028. 

Wrsavt, J. P., and Hrrscuer, M. I. (1956).—Rec. trav. chim. Pays-Bas 75: 225. 

Wisavut, J. P., Kiroprensure, C. C., and Berets, M. G. J. (1944).—Rec. trav. chim. Pays-Bas 
63: 134. 








SHORT COMMUNICATIONS 


KINETIC TREATMENT OF TWO-STAGE SECOND-ORDER 
CONSECUTIVE REACTIONS WITH A COMMON FACTOR* 


By N. V. Rieest 


Jen-Yuan Chien (1948) integrated the rate equations for certain special 
cases of two-stage consecutive reactions, and the complicated results were used by 
Talat-Erben (1957) to predict the maximum concentration of intermediate 
product and the time for its formation as functions of the initial concentration 
and the ratio of the individual rate-constants. 

Higgins and Williams (1952) have considered the kinetics of consecutive 
second-order reactions in which a product of the first stage reacts with a second 
molecule of one of the reactants. They were concerned primarily with rapid 
reactions and derived final states for various ratios of initial concentrations 
of reactants and various ratios of rate constants. 

There are some further implications, experimentally observable only when 
the reactions are measurably slow, which appear not to have been previously 
pointed out. Consider the scheme: 


ky 
First stage A+B-—>AB ; 
ks 
Second stage AB+B->-BAB. 


Let a and b be the initial molar concentrations of A and B, respectively, and 
w and y the decreases in these concentrations, respectively, at time ¢t. The 
concentrations at time ¢ (denoted by enclosing the appropriate symbol in square 
brackets) of each of the four molecular species involved are then: 


[A] =—a—wT?, 

[B]=b—y, 
[AB] =22—y, 

[BAB]=y—z. 


Put k,/k,—K. The usual kinetic considerations now lead to: 


—d[A]/dt—da/dt=k,(D—y)(A—@), wc cw cece ccecce (1) 
—d[B]/dt=dy/dt=k,(b—y)[a—av+K(2r—y)],  ........ (2) 
d[AB]/dt=d(2a —y)/dt=k,(b —y)[a —x —K(24—y)]. .... (3) 


Solution of these by elimination of ¢ leads to results corresponding to those of 
Higgins and Williams (1952). The maximum concentration of AB during a 
given run, [AB]max., and the corresponding values of # and y (denoted by the 


* Manuscript received August 27, 1957. 
t+ Department of Organic Chemistry, University of New England, Armidale, N.S.W. 
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ellipses, 2max. ANd Ymax., respectively) may be obtained by equating the rates of 
formation and destruction of AB (i.e. from (3), by setting K(2x%—y)=a—2), 
or by differentiation of the expression for [AB]. The results are as follows: 
When K+1, — 
y=[x(2K —1) —a-+a(a—a/a)*]/(K —1), 
[AB] =[(a—a) —a(a —a/a)*)/(K —1) ; 
[AB] max./a=KX/A-5), 
Lmax./a=1 —E-n, 
Ymax./4=2 —(2K +1) K#/-#), 
When K=1, 
y=2x2—(a—z) In [a/(a—z)], 
[AB] =(a—a) In [a/(a—a)) ; 
[AB] max./a=e-}, 
Lmax./a=1—e-}, 
Ymax./a=2 —3e-1. 


The maximum yield of AB per mole of A originally taken or per mole of A 
consumed and the corresponding amounts of A and B consumed are thus 
independent of the initial concentrations of A and B (provided b>Ymax.). The 


0 hice 
= O-6F rn Vy, 
ax fa 
Pica 
oe 
0-4} \ is x 
\ max. /a 
O-2-+ hea I 
ee ‘ABI nay ja 
= 
- . ' . ? 5. ose 5 


Fig. 1—Dependence of maximum yield of AB on K 
and corresponding amounts of A and B consumed. 


results are shown in Figure 1. The maximum yield of AB falls off steeply as 
K rises from zero to say, 0-5, the number of moles of B required passing through 
a maximum in this range. 


Solution by Newton’s method of the equation 
dYmax./dK =K*-® (1 —K)+In K]=0 


shows the maximum to occur at K=0-1164, where Ymax./4=1-0714. This 
result means that, whatever the value of K, production of the maximum yield 
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of AB never requires more than c. 1-07 moles of B, and this amount of B is required 
only when the rate constant for formation of AB is c. 8-6 times that for its 
destruction. This condition may obtain approximately in preparative reactions 
(e.g. the half-hydrolysis of a symmetrical diester), and the present result suggests 
that, when K is unknown, the amount of reagent (e.g. alkali, in the case cited) 
should be restricted to c. 1-05 moles; in any case, an amount larger than that 
corresponding to ¥max,/a can only result in a decreased yield if reaction is prolonged 
until the whole of the reagent is consumed. 

The final states when K is very small or very large have been discussed by 
Higgins and Williams (1952). However, equations (1), (2), and (3) may be 
integrated readily for certain special values of K, and three of these will be further 
discussed. (The appropriate treatment for certain special relationships between 
a and b will not be developed.) 

If K=0, then y=a, and the equations reduce to the usual second-order 
kinetic differential equations. AB is then the final product, and it reaches a 
maximum concentration equal to the smaller of a and b in infinite time. 

If K is very large (i.e. every molecule of AB formed is almost immediately 
converted into a molecule of BAB), then y—>2z, and K(2r—y)—a—av. Equation 
(2) then reduces to 


dy/dt=k,(b—y)(2a—y), 
which, when )~2a, may be integrated to 
k, =[1/t(2a —b)] [In {b(2a —y)/2a(b—y)}]. « «se. (4) 


The same result is of course obtained from (1) with y replaced by 2a 
If K=}4, equation (2) reduces to 


dy/dt=k,(b —y)(a —y/2), 
which, when 62a, may be integrated to 
k, =[2/t(2a —b)] [In {b(2a—y)/2a(b—y)}]. «1. ce ee eee eee (5) 
In this case, y=2a—2,/a(a—zx), and equation (1) becomes 
da/dt=k tiie )[b —2a +-24/a(a—z)], 
which, when b+2a, may be integrated to 


k,=[2/t(2a—b [In J shankes eee (6) 


a{b —2a +-2+/a(a—2z)} 





In other words, although the two schemes show different dependence on 
[A], if a reaction sequence of the kind stipulated is followed by analysis for B 
(and this may be the only feasible method in some cases), the case where K is 
large may not be distinguished kinetically from that where K=}. (It may be 
noted that the value of k, calculated by the use of (4) will be only one-half of that 
required by (5).) The two cases may of course be distinguished on other grounds ; 
when XK is large, AB will not be isolable, whereas when K=}, AB reaches a 
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maximum concentration of ja, when 2x #a and y=a. Equation (5) or (6) 
then gives the time of formation of [AB]max, a8 


[2/k,(2a —b)] [In {b/2(0—a)}}. 


For other values of K the time is obtained as an analytical expression only in 
special cases (e.g. K=2) which will not be further examined. 


Higgins and Williams (1952) pointed out that K may be determined from 
measurements of the final values of # (in the symbols of the present paper) for 
given values of a and b. It may be added that in measurably slow reactions 
independent determination of k, in the reaction of AB and B enables k, to be 
calculated. If # is not measurable but y is, determination of K requires a tedious 
iteration process since x is not in general expressible as an explicit function of y. 
However, under certain conditions, k, may be obtained directly by measurement 
of y during the reaction of A and B. 


Equation (2) may be transformed into 
(dy/dt)/(a—y)(b—y)=k,(1+A), ............ (2a) 

where A=[y(1—K)—a(1—2K)]/(a—y). Although the dependence of A on ¢ 
may not, in general, be stated exactly, examination shows that as # and y (and 
therefore t) increase, the value of A, initially zero for finite values of K (unity for 
infinite K), increases monotonically,* and may become very large but, provided 
y <a, remains finite. Since y may not exceed b, provided a>b, equation (2a) 
may in principle be integrated to yield 


0 


[1/t(a —b)] [In {b(a —y)/a(b—y)}] =k, {1 -+(2/2) | " Aat). 


The apparent second-order rate-‘‘ constant ’’ k, calculated for the disappearance 
of equimolar amounts of A and B by insertion of experimental values into the 
left-hand side, should therefore increase as reaction proceeds but approximates 
to k, (if K is finite ; 2k, if K is very large) for small values of y/a. If the ratio 
a/b is sufficiently large, k, may remain within experimental error of k, during 
the consumption of a substantial proportion of B. This result is of course 
trivial if a/b is so large that kinetic dependence on a—y is lost, that is, that the 
reaction becomes first-order in B, as in the van’t Hoff “ isolation ” procedure ; 
that this need not be so is indicated by calculations for the case, K =}, for which 
corresponding values of y and ¢ may be obtained from equation (5). When 
a=b, k,/ky=1-51 at y/b=0-7; merely doubling the ratio a/b reduces k,/k, 
to 1-15 at the same point, and further increase in a/b results in further improve- 
ment. In this case a substantial a/b ratio is required, but for smaller values of K, 
although k, may rise rapidly if awb, a/b ratios of less than, say 4, will lead to a 
mean value of k, within experimental error of k, for y/b<0-7. The alternative 
device of extrapolation of k, to its initial value may be subject to considerable 
uncertainty, experimental errors being relatively large during the early part of 


* This is readily shown by expansion of the numerator to a—a(a—a/a)*, which increases 
monotonically ; the denominator, a—y, decreases monotonically. 
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arun. The above treatment shows that increasing the a/b ratio causes k, to 
increase more slowly as y/b increases, and the extrapolation may be thereby 
improved. 

Some of these results have been found useful in the interpretation of Johnson 
and Riggs’s (1958) experimental observations. 
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KINETIC TREATMENT OF CONSECUTIVE SECOND-ORDER 
REACTIONS WITH A CONCURRENT REACTION* 


By R. D. Browny and B. A. W. CoLLERt 


The problem of calculating reaction rate constants from experimental data 
for consecutive second-order reactions has been solved in detail by Wideqvist 
(1950, 1955). We wish to point out that Wideqvist’s method can be extended 
to the case where there is further kinetic competition from a concurrent reaction, 
that is, to the scheme: 

ky 


a eo ree rrr eo (1) 
a-—z b-—2-y-—w -2-y 
ae ee ae Me (2) 
b-—z2-y-—w @2-y y 
eS... dakeias linus (3) 
b-—2z-y-—w w 


Such a reaction scheme occurs where a reagent B, reacts twice with a substrate A, 
and simultaneously is decomposing ; for example, it has arisen in some diazonium 
coupling reactions (Brown, Coller, and Heffernan 1958, in press). One of several 
cases may arise depending on the kinetics of the concurrent reaction (3). 


Zero-Order Concurrent Reaction 
When stage (3) is a zero-order reaction the kinetic equations become : 


da /dt=k,(a—ax)(b—w7—y—w), .....ceeeeeees (4) 
dy /dt=k,(x —y)(b—w7—y—w), ....eeeeeeeees (5) 
OEM 65S. 6c aide 6 cobs oc SWNT A Sener (6) 


* Manuscript received November 7, 1957. 
+t Department of Chemistry, University of Melbourne. 





~_ i-n be Of} CA 


ata 
‘ist 
led 
on, 


ral 





SHORT COMMUNICATIONS 91 


If we substitute 


(b—xw—y—w)dt=dT,  ...... eee eeeee (7) 

then equations (4) and (5) become 
GajdT=E(G—@), ..cccccceces (8) 
dy/dT =k (e@—y). 2 .ccsccccens (9) 


As Wideqvist has indicated, these equations may be integrated directly to give 


x“ +y=a[2(k, —k,) +(2k,—k,) exp (—k,T) —k, exp (—k,T)]/(k, —k,) 
MEPs cca takvisakaieee© ds 6544 )k0 Mk aR eRe R ES (10) 


Thus, after integration of (6), 


[B] =b —w —x —y=b —k,t —aF(T), 
that is, 
F(T) = —ES—[Bipe, ec nccsccnccovcsccves (11) 
where 


T= [ cian. ee re ee ee (12) 
/ 0 

To evaluate k, and k,, k, is evaluated from separate experiments in which A 
was absent, then the quantity 7 is evaluated for each experimental point by 
numerical integration (the trapezium rule is convenient). Next the quantity 
(b—k,t —[B])/a is plotted against 7. It is then easy to determine by trial and 
error the values of k, and k, necessary to make F(T) fit the curve so plotted. 
Alternatively, the statistical method of fitting described by Wideqvist (1955) 
may be used but we have found this to be more time-consuming than trial and 
error methods. 


First-Order Concurrent Reaction 
When stage (3) is first-order with respect to B, equation (6) is replaced by 
dw/dt=k,(b—a—y—w). .....cceeeeeeees (13) 


The substitution (7) again facilitates integration of the equations and in this 
case we find: 

F(T)=(b—k,T —[B])/a. 1.0... eee eeees (14) 
The procedure for determining k, and k, is the same as before although the 
quantity plotted as a function of 7, that is, the right-hand side of (14), is slightly 
different from that plotted for case 1. 


If stage (3) is also first-order with respect to some other reactant, that is, 


Bi @G4p, 


bhegeeeacbeeane (15) 
b-z-y-—w g-w w 
then equation (6) is replaced by 
dw/dt=k,(g—w)(b—w—y—w). ......cceeeeeeee (16) 
Using the same substitution as before, we find : 
F(T)={b—g[1—exp (—k,T)]—[B]}/a, ........ (17) 


and the procedure for finding k, and k, is as before. 
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Second-Order Concurrent Reaction 
When stage (3) is second-order with respect to B, that is, when equation (6) 
is replaced by 
dw/dt=k,(b—aw—y—w)?, ...........08- (18) 


the equations again may be integrated by use of (7) but the resultant equation 
is more complicated : 


F(T) —G(T)={b exp (—k,T)—[B]}/a, ......... (19) 
where 
(7) =2[1—exp (—k __elahg—Fs) roxy (kT) —exp (—k 
G(T) =2[1—exp (—k,T)] +, —h,)(he ke? (—k,T)—exp (—k,T)] 
k,k[exp (—k,T) —exp (—k,T)] 
see — 2 hadi Renee ee 20 
(kh) (eq —he) Koits 


It will be noticed that equations (10) and (20), defining F(Z) and G(T), 
have been written under the assumption that k,~k,. However, it is simple to 
obtain the corresponding functions for the special case of k,=k,=k, say. For 
example, F(T) then becomes 2—(2+k7)exp(—kT). When k, and k, are 
similar it may be expedient to regard F(7) and G(7) as functions of k, and 
3=k,—k, when the trial-and-error fitting of (11), (14), or (19) is in progress. 
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THE INFRA-RED SPECTRA OF AZODIFORMATES, MALEATES, 
AND FUMARATES* 


By R. J. W. LE FEvre,j W. T. On,7 I. H. REECE,t 
R. Roper,t and R. L. WERNERt{ 


The infra-red absorption spectra of liquid films of ethyl and n-propyl 
azodiformates, RO—CO.N=N.CO.OR, have been examined as part of a search 
for the stretching frequency of the azo-group (Le Févre, O’Dwyer, and Werner 
1953; Le Févre, Sousa, and Werner 1955; Le Feévre et al. 1957; Le Feévre 
and Werner 1957). Results are given in Table 1. For comparison, spectra 
have also been taken of methyl, ethyl, and n-propyl maleates and fumarates, 
of n-butyl maleate, and of diethyl oxalate, details for which are in Tables 2 and 3. 


* Manuscript received September 9, 1957. 
+ School of Chemistry, University of Sydney. 
t School of Applied Chemistry, N.S.W. University of Technology, Broadway, Sydney. 
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Materials were prepared as noted by Le Feévre, Le Févre, and Oh (1957). 
tions are quoted as cm-!, and intensities indicated by (s)—strong, (m)—medium, 
or (w)=weak ; broad bands are annotated ‘‘ br”, and inflexions (shoulders) 
Dimethyl fumarate has been run as mulls in ‘‘ Nujol’ and hexachloro- 
butadiene, and also as a solute in carbon tetrachloride. 


Cr, 


TABLE 1 
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ETHYL AND ”-PROPYL AZODIFORMATES 





Diethyl a ee | si : 
Eeter* Dipropyl Ester Assignments 
2995 (m/s) 2990 (m/s) 
2940 (m/sh) 2940 (m/s sh) C—H 
2895 (m) 
1783 (s.br) 1780 (s) C=0 
1474 (m) 1470 (m) 
1450 (m) 1445 (w.sh) 
1398 (m) 1395 (w/m) C—H 
1374 (w) 1383 (w.sh) 
1366 (m/s) 1352 (w) 
1302 (m) 
1313 (m) 
c. 1255 (s.sh) c. 1255 (m/s) C—O (esters) 
1232 (s) 1225 (m/s) | and 
1175 (m) 1162 (w.sh) c—O—C 
1113 (m) 1110 (w) 
1098 (m) } 
c. 1058 (w) 1058 (m) 
1025 (s) 
1038 (w/m) C—O (esters) 
1008 (w/m) C—H 
c. 985 (w.br) 
938 (w) 
924 (w/m) 
902 (w/m) 
898 (s) 
865 (m) c. 860 (w.sh) 
806 (m) 809 (w/m) 


682 (w/m) 


758 (w.br) 


The last appears to be 





* Spectrum of pure liquid as a thin film. 


the appropriate spectrum to set against those of the other esters in Tables 2 
and 3, since a record of dimethyl maleate dissolved in carbon tetrachloride 
showed very little change from one of the pure substance taken as a thin film. 
In view of the photoisomerizability of many azo-derivatives (see Le Févre 
and Sousa 1957, for references) it should be mentioned that the spectra of the 
azodiformates were unaffected by 20 min irradiation by direct sunlight of capillary 
layers between rock-salt flats; we assume, for the reasons given by Le Févre, 
Le Feévre, and Oh (1957), that these compounds have the trans-configuration. 
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The spectra reveal very few features which cannot easily be attributed to 


the various C—H, C—C, C=C, C—O, or C=O links known to be present. 


The 


two azodiformates have ester carbonyl frequencies at c. 1780 cm-}, that is, 


Dimethyl] 


Fumarate* 


3100 (w) 
3040 (w) 
2980 (w) 


2870 (w) 


(s) 
(m) 
5 (m 


D) 
72: 
aa 


or or 


17 
16 
16 sh) 


1448 (s) 
1430 (w.sh) 


1310 (s.br) 


1205 (m) 


1157 (s.br) 


1010 (s) 
992 (m/s) 


884 (s) 


776 (s) 


* List compiled from spectra of mulls in ‘‘ Nujol ”’ 


+ List compiled from spectra of solutions in carbon tetrachloride ; 


TABLE 2 


METHYL AND ETHYL FUMARATES AND MALEATES 














Dimethyl Dimethyl Diethyl Diethyl | Assignments 
Fumaratet Maleatet Fumaratet Maleatet 
3080 (w) 3080 (w.sh) 3070 (w) 3050 (w) | 
3030 (w/m) | 2990 (s) 2980 (s) 
2960). 2982 (m) | C—H 
to 2000 2940 (w.sh) | 2945 (m.sh) 2950 (m.sh) 
2855 (m/s) 2875 (w) | 2890 (w/m.sh) | 2910 (m.sh) 
1743 (s) 1741 (s) c=o0 
1733 (s) 1730 (s) 1724 (s) 1723 (s) 
1645 (w/m) 1655 (m/s) 1650 (m) 1645 (m) | C=C 
1460-65 (m/s) c. 1470 (m.sh) | 1473 (m) 1473 (m) 
1443 (s) 1446 (m/s) 1453 (m) 1452 (w) | CH, 
| and 
1408 (m) | CH, 
1380 (w/m) 1396 (m/s) | 1398 (m) 1385 (m) 
1374 (m/s) 1370 (w/m) 
1308 (s) 1305 (m) 1308 (s) 1298 (m) 
1268 (m/s) 1255 (m/s) 1262 (s) 1247 (m 
1232 (m/s) 1230 (s) 1228 (m) 1215 a | C—O (esters) 
1192 (m/s) and 
1174 (m/s) 1170 (s) 1180 (s) —O—C 
1160 (s) 1155 (s) 1164 (s) 
1116 (w) 1115 (w) 
| 1098 (m) 1098 (w) 
1037 (m/s) c. 1030 (m.sh) | 1038 (s) 1029 (s) C—O (esters) 
1022 (m/s) 1009 (m/s) 
982 (s) 995 (m/s) 985 (m/s) 973 (m) HC=CH 
942 (w) 912 (w) 
881 (w) 887 (w/m) | 
865 (m/s) 862 (m/s) 864 (w) 
820 (m) 838 (w) 
810 (w) 
778 (m/s) 


and hexach 


are obscured by intense solvent absorptions. 
{Spectrum of pure liquid as a thin film. 


some 40 to 60 cm-? higher than the usual value. 


lorobutadiene. 


details below 840 cm-! 


Such an increase follows the 


attachment of an electron attracting group in the «-position to C=O (ef. Bellamy 


1954, 


chloroformates 1790-1770 em-! 


» acid halides 


1815-1770 em-) ; 


other 


evidence of a chemical or kinetic nature (activating influence towards nucleophilic 





-— me bt 


's) 


Ps) 





reagents of C,H; 


Miller, and Parker 1954 ; 


for the —N: N— 
firmatory. 


n-PROPYL FUMARATE AND MALEATE, 





n-Propyl 
Fumarate* 
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TABLE 3 


n-Propyl 
Maleate* 


3080 (w) 
2970 (m/s) 
2900 (m/s) 

c. 2850 (m.sh) 


1725 (s) 
. 1690 (w.sh) 
1650 (m) 
1470 (s) 
c. 1450 (m.sh) 
1395 (s) 
( 
( 
( 
( 
( 


° 


c. 1387 (m/s.sh) 
1355 (m/s) 
1315 5) 
1300 
1265 


8) 
8) 
1229 (m) 
1180 (s) 
1158 (s) 

. 1120 (w.sh) 
. 1105 (w.sh) 
1063 (m/s) 
1042 (m) 

. 1020 (m.sh) 
. 1005 (m.sh) 
983 (s) 


2.98 


a 8 


920 (m.br) 
c. 870 (w.sh) 
ce. 855 (w.sh) 


778 (m) 
c. 765 (m.sh) 


671 (m) 





3075 (w) 
2990 (m/s) 
2910 (m/s) 


>. 1740 (s.sh) 


1730 (s) 


1645 (m) 
1470 (m) 


. 1445 (w/m.sh) 


1412 (m/s) 
1385 (m) 
1350 (w) 
1313 (m) 
1294 (m/s) 
1265 (s.sh) 
1245 (s.sh) 
1212 (s) 


1165 (s) 


>. 1120 (w.sh) 


1060 (m) 
1042 (w/m) 


993 (m) 
957 (w/m) 
911 (w/m) 


835 (w/m.sh) 
813 (m) 


675 (w.sh) 


* Spectrum of pure liquid as a thin film. 


N: N- onapara-halogen, Borsche and Exss 1923 ; ef. Heppolette, 
Miller 1956) having already indicated a —J character 
the present speetroscopic results are therefore con- 


n-BUTYL MALEATE, AND DIETHYL OXALATE 





n-Butyl Diethyl 
Maleate* Oxalate* 


3000 (m/s) 


2940 (s) 2950 (m/s.sh) 
2920 (w/m.sh) 

2860 (m/s) 

*. 1735 (s) 1760 (s) 

1715 (s) 1742 (s) 

1643 (m) c. 1650 (w.br) 

1467 (m) 1473 (m) 

1436 (w) 1453 (m) 

1408 (m/s) 1395 (m) 

1377 (m) 1377 (m/s) 
1318 (s) 

1295 (m/s) 

1247 (s) 

1212 (s) 
1190 (s) 

1165 (s) 1160 (s) 

1140 (w) 1112 (m/s) 


1097 (m/s) 
1063 (m) 


1023 (m) 1013 (s) 


981 (w/m) 
965 (w/m) 


947 (w/m) 915 (w) 

870 (m) 
842 (w/m) 855 (m) 
812 (w/m) 813 (w) 


c. 790 (w) 
762 (w) 


Comparison of the data in Table 1 with those in Tables 2 and 3 shows that— 
apart from the 1780 cm bands—features at 1025, 938, and 806 cm-' in ethyl 
azodiformate and at c. 902, 898, and 809 cm~-! in propyl azodiformate are not 
reproduced within +10cm-! in the spectra of the corresponding fumarates. 
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In previous papers in this Journal, Le Févre, Werner, et al. (loc. cit.) have often 
considered bands in the region 900-950 cm-! to be due to C—N links, it is now 
noted that such absorptions occur among the non-nitrogenous substances of 
Tables 2 and 3; accordingly assignments between 940 and 898 cm~! in Table 1 
are left open. Similarly no significance can be attached to the features at 806 
and 809 em-' since several of the other esters absorb at points very close to these. 


No absorption uniquely attributable to a stretching mode for —N:N— 
can be detected and, in this respect, results are uninformative. However, the 
broadness of the 1780 cm-! bands leaves open the possibility that in the azo- 
diformates vy.y underlies vc:9; were this the case it would be consistent with 
the prediction (of 1770 cm-') made by Le Févre, O’Dwyer, and Werner (1953) 
using Gordy’s (1947) empirical relation. 

Apart from a small diagram published by Stafford, Shay, and Francel (1954) 
and fragmentary mention by Dallwigh and Briner (1954) and Bellamy (1954, 
p. 163), infra-red spectra of maleates and fumarates have not received attention. 
The details of Tables 2 and 3 are mostly straightforward, C : C stretching being 
observed at c. 1650 em-!, and the out-of-plane in-phase vibration of the olefinic 
H-atoms on the double bond appearing between 970 and 995 cm-* (cf. Orr 1956). 
Colthup’s (1950) allocation of a bond near 800 cm~-! to the cis-arrangement of 
—HC : CH— seemed initially attractive (dimethy! maleate 820; diethyl 810; 
dipropyl 813 ; and dibutyl 812 cm-!, with no counterparts in the corresponding 
fumarates), until we discovered that diethyl oxalate also absorbs at 813 em-}. 
However, such differences between isomerides could find useful application in 
analysis. 

Only ethyl maleate and fumarate appear to have had their Raman spectra 
examined. The displacements listed by Susz et al. (1948) for these compounds 
can be related with +10 cm-—', to absorptions in Table 2, save for Ay in the 
fumarate at 888 and 1206 cm~ and in the maleate at 1262, 1272, and 1398 em-!. 
None of these exceptions has a strength exceeding 3/10, the pair at 1262 and 1272 
presumably being less than 1/10. 


The authors thank the University of Sydney for the award of a research 
scholarship to Mr. W. T. Oh. 
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ADDITION 
VOLUME 10, NUMBER 4, PAGES 474-479 


“The Alkaloids of Crotalaria spectabilis Roth.” By C. C. J. Culvenor 
and L. W. Smith 


The following paragraphs were omitted from the Experimental Section 
of the abovementioned paper : 


(k) Hydrogenolysis of Diacetylmonocrotaline,—(i) Hydrogenation of diacetylmonocrotaline 
(1-0 g) in ethanol solution with Raney nickel catalyst ceased after 1-8 moles of hydrogen had 
been absorbed. After removal of catalyst and solvent, the residue was taken up in aqueous 
alkali and extracted with chloroform to give a basic gum (0-3 g) R, 0-29, 0-37. Acidification 
of the aqueous residue and further ether extraction gave an acid (0-48 g) which was chromato- 
graphed on silica gel and crystallized from benzene when it formed plates, m.p. 115 °C, undepressed 
on admixture with anhydromonocrotalic acid. The basic product was chromatographed on 
alumina ; light petroleum eluted the base of RF, 0-30 (0-12 g) which formed plates, m.p. 78 °C, 
undepressed on admixture with deoxyretronecine, and benzene eluted the base of R, 0-37 (0-04 g) 
which appeared to be retronecanol but was not identified with certainty. The isolation of 
deoxyretronecine is a result of incomplete reduction. 

(ii) The reduction of diacetylmonocrotaline was effected as in (i) but the acidic product 
was recovered before the basic product (i.e. it was not subjected to alkaline conditions). The 
acid obtained, a red oil (0-18 g) R, 0-70, was chromatographed on silica gel. The major fraction 
formed a brucine salt, m.p. 186 °C, undepressed on admixture with the brucine salt of acetyl- 
monocrotalic acid (Found : C, 63-3; H,6-6; N,4-5; O,25-4%. Cale. for C,»)H,,0..C,,H,.0,N; : 
C, 63-5; H, 6-4; N, 4:5; O, 25-6%). 

(l) Acetylmonocrotalic Acid.—Monocrotalic acid (0-3 g) was refluxed for 7 hr with acetic 
anhydride (3 ml) containing a drop of pyridine, excess reagent evaporated under reduced pressure, 
and the product chromatographed on silica gel to give acetylmonocrotalic acid (0-21 g) as a syrup, 
R, 0-72, which crystallized on keeping but which could not be recrystallized from a solvent. 
From ethanol it formed a brucine salt, m.p. 185 °C (Found: C, 62-9; H, 6-5; N, 4-6; O, 25-4%, 
Cale. for Cy9H,,0,4.C,,H,,0,N,: C, 63-5; H, 6-4; N, 4-5; O, 25-6%). 

Heating acetylmonocrotalic acid (0-8 g) in 10% aqueous HCl at 100 °C for 5 hr and extracting 
the solution with ether gave a crystalline acid (0-65 g) R, 0-56, which formed from acetone, 
colourless needles, m.p. 183-184 °C, undepressed on admixture with monocrotalic acid. 

Keeping acetylmonocrotalic acid in dilute alkaline solution at room temperature for 3 days, 
acidifying, and extracting with ether, gave an oily acid, R, 0-63, which formed a brucine salt, 
m.p. 140-5-141-5 °C, from ethanol (Found: C, 63-0; H, 7:3; N, 5:0%. Cale. for 
C;H,,0;.C,;H,,0,N,.2H,O: C, 62-7; H, 7-3; N,4:9%). Attempts to prepare pure monocrotic 
acid for comparison were unsuccessful. 

















